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DESCRIPTION 
METHODS OF PREPARING NUCLEIC ACIDS FOR 
MASS SPECTROMETKIC ANALYSIS 
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CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a continuation of U.S. Application Serial No. 60/031369 filed 
December 2, 1996 and U.S. Application Serial No. 08/759^93 filed December 2, 1996 which is 
a continuation-in-part of U.S. Application Serial No. OR-715.582 filed September 19, 1996. 

INTRODUCTION 

Approximately 4,000 human disorders are attributed lo genetic causes. Hundreds or 
genes responsible for various disorders have been mapped, and sequence information is being 
accumulated rapidly. A principal goal of the Human Genome Project is to find all genes 
associated with each disorder. The definitive diagnostic test for any specifii: genetic disease (or 
predisposition to disease) well be the identification of polymorphic variations in the DNA 
sequence of affected cdls that result in alterations of gene function. Furthermore, response to 
specific medications may depend on the presence of polymorphisms. Developing DNA (or 
RRA) screening as a practical tool for medical diagnostics requires a method that is inexpensive, 
accurate, expeditious, and robust. 

Genetic polymorphisms and mutations can manifest themselves in several fotms, such as 
point polymorphisms or poinl mutations where a single base is changed to one of the three other 
bases* deletions where one or more bases are removed from a nucleic acid sequence and the 
bases flanking the deleted sequence are directly linked to each other, insertions where new bases 
are inserted at a particular point in a nucleic acid sequence adding additional length to the overall 
sequence, and expansions and reductions f repeating sequence motifs. Large insertions and 
deletions, often the result f chromosomal recombination and rearrangement events* can lead to 
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partial or complete loss of a gene. Of these forms of polymojphism, in general the most difficult 
type of change to screen for and detect is (he point polymorphism because it represents the 
smallest degree of molecular change. 

Although a number of genetic defects can he linked to a specific single point mutation 
within a gene, e.g. sickle cell anemia, many are caused by a wide spectrum of different mutations 
throughout the gene. A typical gene that might be screened could be anywhere from 1,000 to 
1 00.000 bases in lengih, though smaller and larger genes do exist. Of that amount of ON A, only 
a fraction of the base pairs actually encode the protein, fhese discontinuous protein coding 
regions art: called exons and the remainder or die gene is referred in as introns. Of these two 
types of regions, exons often contain the most important sequences to be screened. Several 
complex procedures have been developed for scanning genes in order to detect polymorphisms. 
These procedures are applicable io both exons and introns. 

In terms of current use. most or the methods to scan or screen genes employ slab or 
capillary gel elecirophoresis for the separation and detection step in the assays. Oel 
electrophoresis of nucleic acids primarily provides relative size information based on mobility 
through the gel matrix. If calibratitin standards ore employed, gel ekxirophoresis can be used to 
measure absolute and relative molecular weights of huge bioraoleculcs with same moderate 
degree of accuracy: even then typically the accuracy is only 5% to 10%. Also the molecular 
weight resolution is limited. In cases where two DNA fragment with the identical number of 
base pahs can he separated, using high concentration poiyacrylamidc gels, it is still not possible 
to identify which hand on a gel corresponds to which DNA fragment without performing 
secondary labeling experiments. Thus, gel electrophoresis techniques can only determine size 
and cannot provide any information about changes in base composition or sequence without 
performing more complex sequencing reactions. Gel-based techniques, for the most part are 
dependent on labeling or staining methods to visualize and discriminate between different 
nucleic acid fragments. 

All of the methods in use today capable of screening broadly for genetic polymorphisms 
suffer from technical complication and are labor and time intensive. Single strand 
conformational polymorphism (SSCP) (Orrta et at., 1989). denaturing gradient gel 
electrophoresis (DOGE) (Abrams rtal^ 1990), chemical cleavage at mismatch fCCM) (Salecba 
and Cotton, 1993), enzymatic mismatch cleavage (EMC) (Youil tt at., 1995), and "clea vase- 
fragment length polymorphism <CFLP) procedures are currently gel-based, making tbcm 
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cumbersome to automate and perform efficiently. There is a need for new methods that can 
provide cost effective and expeditious means for screening genetic material in an effort to reduce 
medical expenses. 

The lata 1980's saw the rise of twn new mass spectrometry techniques, for successfully 
measuring the masses of intact very large biomolecules, namely, matrix-assisted laser 
desofptioivionization (MALDI) time-of-fligbl mass spectrometry (TOP MS) (Tanaka ctaL, 
I9S8; Spenglcr etoi., 1989) and elccirospray ionization (ESI) combined with a variety of mass 
analyzers (Fenn et «/ n J 989). Both ot these methods are suitable for genetic screening tests. The 
MALDI mass spectrometry technique can also be used with methods other than time-of-flight, 
for example, magnetic sector, Fouricr-transfonn ion cyclotron resonance, quadrupole, and 
quadrupole trap. One of the advances in MALDI analysis nf polynucleotides was the discovery 
of Vhydrvxypicolinic acid C3-HPA") as a matrix for mixed-base oligonucleotides {Wu, eiaL, 
1993). 

MALDJ-TOF MS involves laser pulses focused on n small sample plate comprising 
analytc molecules (/.<?. nucleic acids) embedded in either a solid or liquid matrix which is 
typically a small, highly absorbing material. The laser pulses tnmsler energy to the matrix 
causing a microscopic ablation and concomitant ionization of the analyte molecule, producing a 
gaseous plume of intact, charged nucleic acids in single-stranded form. If double-stranded 
nucleic acids are analyzed, die MALDJ-TOF MS typically Ksuils in mostly denatured single- 
strand detection, The ions generated by die laser pulses arc accelerated to a fixed kinetic energy 
by a strong electric field and then pass through an electric field-free region in vacuum, traveling 
with a velocity corresponding to their respective mass-to-charge ratios (ta/z). Thu*, the smaller 
rate ions will travel through the vacuum region faster than the larger mfz ions thereby causing a 
separation. At the end of the electric fidd-frce region, the ions collide with a detector that 
generates a signal as each set of ions of a particular mass-to-charge ratio strikes the detector. 
Usually for a given assay, 10 lei 100 mass spectra resulting from individual laser pulses are 
summed together to make a single composite mass spectrum with on improved Rignai-to-noisj 
ratio. 

"The mass of an ion (such as a charged nucleic acid) is measured by using its velocity to 
determine the masMo-chaigc ratio by u'rne-cf-ftight analysis. In other wotcJs, the mass of the 
molecule directly c relates with the time it takes to travel from the sample plate to the detector. 
The entire process takes nly microseconds. In an automated apparatus, tens to hundreds of 
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samples can be analyzed per minute. In addition to speed, MALDl-TOF MS has ne of the 
largest mass ranges for mass spectromctric devices. The current mass range for MALDMOF 
MR is frfirn ] 10 1*000,000 Da) tons (Da) (measured recently for a protein) (Nelson et aL % 1995). 

The performance of a mass spectrometer is measured by its sensitivity, mass resolution 
and mass accuracy. Sensitivity is measured by the amount of materia! needed; it is generally 
desirable and possible with mass spectrometry to work with sample amounts in the femtomole 
and tow picomolc range. Mass resolution, m'Am, is the measure of nn instrument's ability to 
produce separate signals from ions of similar mass. Mass resolution is defined as the mass, m, of 
an ion signal divided by the full width of ihe sigoaL Am- usually measured between points of 
half-maximum intensity. Mass accuracy is the measure of em>r in designating a mass to an ton 
signal. The mass accuracy is defined as the ratio of the mass assignment error divided by the 
mass of the ion and can be represented as a percentage. 

To be able to detect any point polymorphism directly by MALDf-TOF mass 
spectrometry, one would need to resolve and accurately measure the masses of nucleic acids in 
which a single base change has occurred (in comparison to the wild type nucleic acid). A singie 
base change can be a mass difference of as little as 9 Da. This value represents the difference 
between the two bases with the closest mass values, A and T (A r-deoxyadenosine-5'- 
phosphatc - 313.19 Da* T= Z^deoxyihymidinc-S'-phosphate - 304.20 Da; O ^2'- 
deoxygtianosine-S'-phosphatc ^ 329.21 Da; and O ^. -deoxycytidine^ -phosphalc « 289.19 Da). 
If during the mutation process, a single A changes to T or a single T to A, the mutant nucleic 
acid containing the base cransversion will either decrease or increase by 9 Da in total mass as 
compared to the wild type nucleic acid. For mass spectrometry co directly detect these 
transversions. h must therefore be able to detect a minimum mass change. Am« of appniximately 
9 Da. 

For example, in order to fully resolve (which may nat bs necessary) a pn'mt-mutated 
(A to T or T to A) Jieterozygote 50-base single-stranded UNA fragment having a mass, m. of 
- 1 5,000 Da from its corresponding wild type nucleic acid, the required mass resolution is m/Am 
= 15.000/9 * 1,700. Ho\*ever, the mass accuracy needs to be significant^ belter than 9 Da to 
increase cualicy assurance and to prevent ambiguities where the measured mass value is near 'Jie 
half-way point between the two theoretical masses. For an anatyle of 15,000 Da, in practice the 
mass accuracy needs to be Am - ±3 Da - 6 Da, to this case, the absolute mass accuracy required 
is (6/1 5.000)* 100 - 0.04%. Often a distinguishing level of mass accuracy relative to another 
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known peak in ihe spectrum is sufficient co resolve ambiguities. For example, if there is a known 
mass peak 1000 Da from the mass peak in question, the relative position of the unknown to the 
known peak may be known with greater accuracy than that provided by an absolute, previous 
calibration of ihc mass spectrometer. 

In order for mass spectrometry to he a useful tool for screening for polymorphisms in 
nucleic acids, several basic requirements should be met, First, any nucleic acids to be analyzed 
should be purified lo minimise the presence of salt ions and other molecular contaminants. 
These impurities may reduce die intensity and quality of tho mass spectromexric signal to a point 
where cither (i) the signal is undetectable or unreliable, or (ii) the mass accuracy and/or 
resolution is below the value necessary to detect the type of polymorphism expected. Second, 
the site or the nucleic acids to be analyzed should be within the range where there is sufficient 
mass resolution and accuracy. Mass accuracy and resolution significantly degrade as the mass or 
the analyie increases. Currently, the detection uf single nucleotide polymorphisms fSNPs) above 
said mass vuiee is difficult above a mass of approximately 30,000 J)a lor oligonucleotides 100 
bases). Third, because all molecules within a sample are visualized during mass spectrometry 
analysis (i.e. it not possible to selectively label and visualize certain molecules and not others 
as one can with gel electrophoresis methods), nucleic acid samples should be partitioned prior to 
analysis co remove unwanted nucleic acid products from the spectrum. Fourth, the mass 
spectrometric methods for generalized nucieic acid screening must be efficient and cost effective 
in order to screen a large number of nucleic acid bases in as few steps as possible. 

Ihe methods fnr delecting nucleic acid polymorphisms known in ihe an do not satisfy 
these four retirements. For example, current methods for mass xpectroraetric analysis of DN A 
fragments have focused on double-stranded DNA fragments which result m complicated mass 
spectra, making it difficult to resolve mass differences between two complementary' strands (see, 
e.^., Tung cfaL* 1994). Thus, there is a need for com and time effective methods of detecting 
genetic polymorphisms asing mass spectrometry, preferably MALDl or ESI, and with mass 
accuracy of a few ports in 10,000 or belter 

SUMMARY OF TIIE INVENTION 

This invention provides novel methods and kits for the screening of target nucleic acids 
and the idemificati n of changes in base composition that might result from a genetic 
polymorphism. The present invention discloses novel processes focusing on the use of mass 
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spectrometry as a genetic analysis tool and employing the unique properties of mass 
spectrometry and MALDl-TOF MS, in particular, to separate different amplified single-stranded 
target nucleic acids and identify their mas* exactly. Significantly, mass spectrometry requires 
only minute samples, provides extremely detailed information about the molecules being 
analyzed including high mass accuracy, and is easily automated. 

The present invention encompasses several embodiments, such as (1) procedures for 
reducing the length of target nucleic acids by removing one or more flanking polynucleotide 
regions thac "flank, M or ait adjacent to or near, the regions of interest; (2) procedures for isolating 
either single-stranded or dtiuhlc-stranded target nucleic acids for mass spectrometry analysis; (3) 
procedures combining these t*o aspects; and (4) kits for the methods described herein. 

The present invention encompasses several embodiments, such as (1) procedures for 
preparing a doubJe-siranded target uucieic acid for mass spectrometry analysis; (7) procedures 
for determining the mass of target nucleic acids, where the target nucleic ucid may be cither 
single-Stranded or double-stranded; and (.1) kits lor preparing a double-stranded target nucleic 
acid for mas_s specirometric analysis. Jl well be understood by those of skill in die an ihat where 
the nucleic acid is double-stranded, the two strands are complementary ro each other and are 
connected via hydrogen bonds alonj! the strands. 

An embodiment of the present invention encompasses a method of determining the mass 
of a target nucleic acid by mass spectrometry analysis. This method generally includes: 
Identifying a target nucleic add; reducing the lengLi of the target nucleic acid by cleaving at least 
a portion of one or inure of the flanking regions to produce a reduced-length target nucleic acid; 
obtaining a single-stranded reduced-length target nucleic acid; and determining the mass of the 
single-stranded reduced-length target nucleic acid using a mass spectrometer. Typically, the 
target nucleic acid will contain a region of interest and one or more flanking regions. 

A preferred embodiment encompasses amplifying the target nucleic actd prior to reducing 
the length of the target nucleic acid to produce an amplified target nucicic acid. The amplified 
target nucleic acid may be subsequently reduced in length and obtained in single-stranded form, 
free of it* complement, for mass spectral analysis. The target nucleic acid may be amplified by 
any method known by one of skill in the art. for example, polymerase cham reaction ( n PCR™ M , 
with PCR™ bcinft a preferred amplification method. These methods arc well known by those of 
Skill in the art. 
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H is contemplated that one of skill in the art may use the methods of this invention to 
analyze mote than one target nocleic acid simultaneously. As used herein "a" will be 
understood tn mean one or more. Thus, M a target nucleic acid" may refer, for example, to one, 
two, three, four, rive or more target nucleic acids. Aspects of this invention, therefore, include 
determining the mass of one single-stranded reduced-length target nucleic acid as well as 
determining the masses of multiple single-stranded reduced-length target nucleic acids 
simultaneously or in seriatim. Where the masses of multiple single-stranded reduced-length 
target nucleic acids are being determined, each of the target nucleic acids may be reduced in 
length by the same or a different method. Similarly, the single-stranded reduced-length target 
nucleic acids may be obtained from the reduced-length target nucleic acids by the same or 
different methods. For example, if two target nucleic acids are identified, or selected, for 
analysis, then these two target nucleic acids may both be reduced in length by an entfonuclcasc. 
or one may be reduced in length by an eudonuclease and the other by cleaving at a chemically 
cicavable site, and so on. 

The target nucleic acids encompassed by this invention will generally contain a region of 
interest and one or more flanking regions. A 'region of interest" refers to the region for which 
one is interested in determining the mass. For example, when the methods disclosed in this 
invention arc employed to detect or screen for polymorphisms, the region of interest would be 
the region containing, or that is suspected of containing, a nolymorphistn. Hie flanking regions 
are the portions of DNA sequence on cither side of the region of interest. 

For embodiments employing PCR™ primers and polymerases to amplify a target nucleic 
acid, the primer is often complementary to a portion of one or more Hanking regions of the target 
nucleic acid to allow the primer to effectively anneal to the target nucleic acid and provide a site 
to extend a complement to the target nucleic acid via PGR™. Therefore, for the methods 
comprising amplification, it is preferred that at least one nf the primers is complementary in a 
portion of a flanking region that is preferably adjacent to or close to the polynucleotide region of 
interest, generally within 40 nucleotides. 

When die methods of this invention ore used » detect a polymorphism, the target nucleic 
acids employed in this invention may include any polynucleotide sequence that contains or is 
suspected of containing a polymorphism, including but not limited to short tandem repeats 
(STRs), simple sequence iength polymorphisms (SSLP). single nucleotide polymorphisms 
(SNPs). and any of a multitude of disease markers, for example, markers for sickle cell anemia. 
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fragile X disorder, cystic fibrosis, Tay Sachs disease. Gaucher disease, thalassemias, and cancer- 
related genes. While the target nucleic acid* for use in conjunction with the present invention 
may be double- or single-stranded, it is preferable that the nucleic acids be obtained in single- 
stranded form, free of its complementary strand prior lo MS analysis. These single-stranded 
5 target nucleic acids may be any size that can be adequately resolved by mass spectrometry 
analysis. Preferably, in cases where a SNP is m be detected, the final product single-stranded 
amplified target nucleic acids are less than about 100 bases in length. Mom preferably, tlte final 
product single -stranded amplified target nucleic acids are from about 10 to 90 bases in length. 
As used in this context, "about* means anywhere from ± 1 to 10 base pairs, and all the integers m 

1 0 between, for cxampie, ± I , +2, +3, ±4, ±5, J-6, ±7, ±H t ±9, or ± I fl base pairs. 

However, one of ordinary skill in the art will ttpprccuitc that as mass spectrometry 
techniques for analysis of nucleic adits improve, the sizes of singie-sirandui amplified target 
nucleic acids useful in (bis invention can be increased. The nature of the mutation to be detected 
is abo a factor in the size limitations for optimum mass resolution. For example, as described 

IS above for SKPs, the maximum size limit may be approximately 100 nucleotides in length. 
However, for microsateilite repeats and other two nucleotide repeats, the maximum si/c limit 
may he approximately 200 nucleotides in length, and ihe maximum size limit for four-nucleotide 
repeats may be approximately 300 nucleotides. 

The target nucleic acids of this invention may be either double-stranded or single* 

20 stranded. As used herein, the phrase "obtaining a singie-stranded reduced-length target nucleic 
acid 1 ' refers to isolating a single-stranded nucleic acid free from its complement for purposes of 
mass spectral analysis. Where the target nucleic acid is single-stranded* i< will be understood by 
those of skill in the art that no further steps an: required to obtain the single -stranded reduced- 
length target nucleic acid from the reduced-length target nucleic acid. However, where the target 

25 nucleic acid h double-stranded, one of the two complementary strands must be separated or 
isolated from the other .such that only one of the two strands is subjected to mass spectrometry, 
e.£ , by binding one of the strands to a $o:id support denaturing Ihe double-stranded nucleic acid 
and isolating either the bound or unbound strand free from its complement. This allows for 
greater mass resolution, simplifies the spectrum, and eliminates the collection of cumulative 

30 information. 
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The term complementary refers to the formation of sufficient hydrogen bonding between 
two nucleic acids to stabilize a double-stranded nucleotide sequence fonned by hybridization of 
the two nucleic acids. 

The methods for reducing the length of target nucleic acids eliminate unnecessary 
sequences and reduce the mass of the resulting single-stranded or double-stranded target nucleic 
acids, resulting in increased mass resolution and accuracy. 

FAcmplaiy methods of reducing Jcngth include; cleaving at endogenous restriction 
endonuclease cleavablc Sites present in one or more flanking regions but absent in the region of 
interest: cleaving at restriction endonuclease cleavaHe sites which arc at or adjacent to restriction 
endonuclease recognition idles incorporated into one or more of the dunking regions where the 
cleavablc sites arc introduced into the flunking regions using of one or more cleavable primers 
containing restriction endonuclease recognition sites within their sequences; cleaving at a 
combination of restriction endonuclease cieavablc sites where the sites arc endogenous and/or 
introduced using mismatch or overhanging primers; selective digestion of one or more flanking 
regions using cxonucleasc and an exonuclcuse blocking moiety to protect the regions of interest 
from digestion; and chemically cleaving at a chemically cleavablc site. For embodiments when: 
cleavable sites arc employed, the cleav,ible sites are often located in or near a Ranking region. 
However, the target nucJeic acids may be reduced in length hy any nf the methods known by 
those of .Nkill in tbe art for cfcaving within one or more flanking regions preferably without 
cleaving within the region of interest. 

Another aspect of the invention invokes the use nfdeHvnble primers to reduce the length 
of an amplified target nucleic acid. An amplified target nucleic acid may be reduced in length by 
cleaving at least a portion of one or more of the flanking regions having a cleavablc siui, in this 
context, the cleavablc site may be introduced via a cleavable primer and may he located outside 
of the region of interest. Cleavable primm of the invention may include those having en 
exonudease blocking moiety, a lype HS restriction endonuclease recognition site, a Type II 
restriction ciuionuclease recognition site, and sites capable of being chemically cleaved. 

'Ihc restriction endonucleases employed with the present invention may include type II 
and type IIS restriction endonuclease*. The restriction endonuclease recognition sites may be 
either within a primer region, or outside the primer region, so long as the restriction 
endonuclease cleavable sites are within or near one or more of the flanking regions. The 
restriction eiuionuulcase recognition sites are preferably not within a region of interest. For type 
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11 restriction endonucleases, the restriction ende nuclease recognition site is the same as ibe 
restriction endonuclcase cleavable site. For Type IIS restriction endonucleases, the cleavable die 
is at a defined distance away from one aide of the recognition site, usually from about 14 to about 
20 base pairs away. Thus, if the Type IIS recognition site is contained wilhrn a flanking region, 
the endonue lease cleaving site must he within about 20 bases of that flanking region and is 
preferably within 14 about bases of that flanking region. Thus, the torn "near" as employed in 
this aspect of the invention means "within about 20 bases." 

Another embodiment of the invention involves reducing the length of an amplified target 
nucleic acid and isolating a single-stranded amplified target nucleic acid at the same time by 
using a cleavable primer having an exonucleatc blocking rouic'.y. After amplification of the 
target nucleic acid, the amplified target nucleic acid will include an exonudease blocking 
moiety. The amplified target nucleic acid is then treated with a 5' to 3' exonudease, which 
degrades the strand containing the exonudease blocking moiety in a ? to 3' direction only up to 
the blocking moiety. The 5* to 3' exomieJcase may optionally degrade the other complementary 
strand of the amplified target nucleic acid, in case* where the olheT strand does not have an 
cxouuclea.se Mocking moiety. The treatment with the 5' to 3' cxonuclea*e leaves a reduced- 
length, single-stranded amplified target nucleic acid for mass spectromeaic analysis, 

Cleavable sites within cleavable primers mity include chemically deavabte groups 
incorporated within the phosphate backbone linkage (e.g. replacement of phosphate with a 
phosphoramidate) or as a substiuieni on or replacement of one of the bases or sugars of the 
oligonucleotide primer a modified base or sugar, for example, a more labib glycosidic 
linkage). Such chemically cleavable groups would be apparent to one of skill in the art in light 
of the present disclosure and indude, for example. didkoxysiJane, 34$)^o<;phorothioate, 5'- 
(S>phosphorothiiutte. 3 , -(N)-phospboroamidate J 5'^N)-phosphoroam3datc> and rihose. FIGS. 
16A and 16B depict a 3'-(Shphospiwrotbioate and 5 f -(S)-phosphorothioaie, respectively as 
de&ned in this invention. Note that these linkages are often referred to as thiophospbatcs as well. 
A similar nomenclature is employed for 3 f -(N)-phosphoroamidale, 5*<N>i>hosphoroamcdatc. 
The chemically cleavable site should generally he stable under the amplification, hybridisation 
and washing conditions lo be employed and is preferably within one or more of the flanking 
regions. 

In a preferred embodiment, the clcavabk site is located near the 3' end of die primer used 
to bind the amplified target nucleic acid t the solid support. By locating the clcavabk: site neat 



WO 98/12355 {| PCT/US97fl710l 

the -3? end, it is possible to further reduce the length of the amplified target nucleic acid, 
clinunating a flanking region from the polynucleotide region of interest Cleavable primers are 
described in PCT/US96/06116, filed April 26, 1996 (incorporated herein by reference). 

Accordingly, cleavable primers may contain one or more restriction recognition sites of 
one or more different restriction endonucleases; oik- or more cleavable sites of one or more 
different restriction endonucleases; one or more exonuclcase blocking moierics; one or more sites 
capable of chemical cleavage; or a combination thereof. 

The present invention also provides methods for obtaining singl<«lranded or dnuble- 
siranded amplified target nucleic acids. The isolation methods include direct attachment of one 
of the two strands of a double-stranded amplified large) nucleic acid or a wt of such molecules, 
to a solid support The isolation methods further include indirect attachment of a single-stranded 
or double-stranded amplified target nucleic acid, or a set thereof, to a solid support via an 
attachment capable of attaching to a solid support via covalent or noncovaJcnt attachment.. 
Methods of direct attachment include for example, MntinAmdin inunctions, as well as other 
methods known by those of skill in the art 

f or example, in one embodiment, a strand of an amplified target nucleic acid may he 
bound or attached to a solid support to permj, rigorous washing and concomitant removal of salt 
adductt, unwanted oligonucleotides and enzymes, hither a double-stranded amplified target 
nucleic acid or a single-stranded amplified target nucleic acid may be isolated for mass 
spectrometric analysis. The sin B le-sttandcd amplified target nucleic add analyzed by MS may 
be cither the strand bound or not bound to the .solid support. 

When the unbound strand is used for MS analysis, it is typically purified by first washing 
the bound strand and its attached complement under conditions not sufficiently rigorous to 
disrupt the strand's attachment to its bound complement. After unwanted biomoleculcs and salts 
are removed, the complement may then be released under nunc rigorous conditions isuc HG. 
II). 

In contrast when the bound strand is to be analysed, it is typically washed under more 
vigorous conditions such that the interactions between (he bound strand and in unbound 
complement is disrupted, lliis allows the unbound srond to be washed away with the other salts 
*od unwanted biomolccules. Cleavable linkers or cleavable primers may be used <o release the 
bound strand from the solid support prior to MS analysis. 
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The is Iation methods described herein provide significantly improved mass resolution 
and accuracy in lai^e mass range* Such isolation of either single-stranded or double- stranded 
amplified target nucleic adds generally occurs prior to the application of the nucleic acids to the 
matrix solution, resulting in well-defined mass spectral peaks and enhanced mass accuracy. The 
matrix solution can be any of the known matrix solutions used for ma*, spectrometry analysis, 
including 3-hydroxypicolin:c acid ("3-HPA"), nicotinic acid, picolide acid, 2S- 
dibydroxybenroic acid, and niirophenol. 

The reducing and obtaining steps may occur consecutively in any order or 
simultaneously. Thus, this invention encompasses (i) reducing the length of a target nucleic acid 
prior to isolating the single-stranded reduced-length target nucleic acid from its complement acid 
to obtain the single-stranded reduced-length target nucleic acid: (ii) isolating a single-strand of 
ihe full-length target nucleic acid free from its complement and then reducing the length M ih c 
single-stranded target nucleic acid to obtain ihe single-stranded reduced-length target nucleic 
acid; (iii) simultaneously reducing the length of the target nucleic acid and isolating it free from 
its complementary strand acid to obtain the single-stranded reduced-length target nucleic add; or 
(iv) any combination of the above steps so long as acid a single-stranded reduced- length target 
nucleic acid is obtained free of its complementary strand prior to mass spectral analysts. 

Another aspect of this invention encompasses a method of deteitnining the ma** of a 
target nudcic acid, where the target nucleic acid generally contains a first strand and a second 
complementary .strand. The method of the invention includes: identifying a Utrgei nucleic acid; 
amplifying tlie target nucteic acid prior to reducing the length of the target nucleic acid to 
produce an amplified target nucleic acid; reducing the length of the target nuddc acid by 
cleaving at least a portion of one or more of the flanking regions to produce a reduced-length 
target nudeic acid; obtaining a single-stranded reduced-length target nucleic acid; and 
deteniiining the mass of the single-stranded reduced-length target nucleic add using a mass 
spectrometer where the target nucleic add further comprises a region of interest and one or more 
flanking regions and where the obtaining step comprises attaching the first strand of the 
amplified target nucidc acid to a sohd support and separatiog the first strand from the second 
strand to produce a bound first strand and an unbound second strand. In this embodiment, Ihe 
mass of ihe unbound second strand is determined 

The present invention additionally encompasses primers and methods for using primers 
that are capable of being 'attached" or bound to a solid support. Generally, this is accomplished 
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by attaching a bindiny group or moiety lo the primer or to a modified nucleotide during 
amplification, where the binding group or moiety is capable of attaching or binding the 
oligonucleotide to the solid support. This binding moiety may be attached to the oligonucleotide 
primer or amplification product either directly, through an intervening linking group or by 
specific hybridization to an intermediary oligonucleotide which is itself bound to a solid support. 
Binding moieties include functional groups for covalcnt bonding lo a solid support, ligands that 
attach to the solid support via a high-affinity, noncovatent interaction (such as biotin widi 
strcptavidinj, a series of bases complementary lo an intermediary oligonucleotide which is itself 
attached to the solid support, as well as other means ihat are well-known to those of skill in the 
art. such as those described in PCT WO 96/37630, incorporated herein by reference. 

Ilie first strand is typically separated from the second strand by washing under conditions 
rigorous enough to disrupt the double -stranded base pairing strociure, but not rigorous enough tn 
disrupt the attachment of the bound first strand to Ihe solid support. The solution-phase (or 
washings) containing the unbound sirund can then be prepared for mass speciral analysis. 

Cleavable primers and sites as discussed above are also employed in this embodiment. 
However, ihe cleavable site should preferably not be between the binding moiety, i.e. the group 
attaching the first bound strand to the solid support and the region of interest. Alternatively, the 
cleavable site should be incorporated into the second strand only, and not tnio the first strand that 
is to be attached lo the solid support. 

A preferred embodiment encompasses the use of a cleavable primer having a chemically 
cleavable group of 3MS)-phosphorouuuate or 5^S)-pbosphotqthioaic, where the first strand is 
biodnylated and bound to a solid support via a biotinravidlii interaction {i.e. where streptavidln 
beads are used for a solid support), h is also preferable lo employ mass-modified nucleotides 
with this aspect of the invention. 

Alternatively, ihe obtaining step may include (a; attaching the first strand of the amplified 
target nucleic acid to a solid support, (b) separating the first strand from the second strand to 
produce a bound first strand and an unbound second strand, (c) removing the unbound second 
strand, and (d) releasing the bound fust strand from the solid support to produce a siagle- 
stranded reduced-length amplified target nucleic acid for mass spectral analysis, in this 
embodiment, the mass or the bound first strand is determined using a mass spectrometer. 

Several methods may be employed to release the reduced-length single-stranded 
amplified target nucleic acid from the solid support. Generally, the methods used must either 
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emptoy reversible chemical int Tactions between the binding group and the solid support, that is, 
a "cfeavable linker," or a separate chemically or etttymatically cleavablc site somewhere within 
the bound product. Thus, these methods for releasing the hound strand include all of the 
methods that may be used for reducing the length of the hound strand as well. For example, an 
5 cxonuclease blocking group, endonuclease recognition site, or a chemically cleavable site may be 
incorporated into the bound strand between the binding moiety and the region of interest, 
cleaving at one of these sites through use of an exonucleasc, endonuclease, or a chemical agent 
accomplishes both the releasing and the reduction in Icn^h simultaneously. When more than 
one target nucleic acid is identified for analysis, the targei nucleic acids may be released and 

1 0 analyzed at the same time or consecutively, 

litis invention also encompasses methods for release that do not include reducing the 
length of the amplified or unamplified target nucleic acids depending on the method used to bind 
the amplified target nucleic acid to the solid support. For example- both ihe hybridization and 
biotin/streptavidin methods employ means such as dena:uraiion to disrupt the noncovalent 

15 interactions and cause the release of the bound single-stranded target nucleic acids. It may be 
preferred to use a chemically cJcavable site with the bioun/streptavidin method so that release of 
the target nucleic acids can be performed under relatively mild conditions. 

Another embodiment of this invention encompasses a method of preparing ;j double- 
suanded target nucleic acid for mass spectrometry analysis. This method generally includes 

20 comprising: amplifying a target nucleic acid to produce an amplified target nucleic add; 
attaching the first strand of the amplified target nucleic acid to e solid support to produce a bound 
first strand and an unbound second strand: removing, or detaching, (be unbound second strand 
from the bound first strand; releasing the bound first strand from the solid support Ui fonn n 
single-stranded amplified target nucleic acid; and determining the mass of the singlc*stnmded 

25 amplified target nucleic acid using a mass spectrometer where die amplified target nucleic acid 
comprises a first strand and a second complementary strand. In this embodiment, the unbound 
second strand is typically removed from the bound first strand by denaturing and washing. 

A preferred embodiment encompasses employing a cleavable linker during die releasing 
step, wherein the determining step preferably does not involve sequencing the amplified target 

30 nucleic add. 

The present invention also provides methods of detecting polymorphisms in one or more 
tatget nucleic acids. This embodiment generally includes: amplifying at least one target nucleic 
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acid; reducing the length of at least one of the amplified target nucleic acids comprising cleaving 
off a portion of one or more flanking regions* aitd determining the masses of each of the reduced- 
icngtb amplified target nucleic acids using a mass spectrometer wherein said amplified target 
nucleic acid comprises a region of interest and one or more flanking regions. This method may 
he used to detect polymorphisms in a single target nucleic acid compared to a wild ty|>e target 
nucleic acid by detecting variability in mass. Other "alleles' 1 of the target nucleic acid may also 
be delected using the methods of the invention. 

In the present disclosure, "wild lype" is the standard or reference nucleotide sequence to 
which variations are compared. Thus, by definition, any variation from wild type is considered a 
polymorphism, including naturally occurring sequence variations and pathogenic mutations. 

In another embodiment, methods arc provided for detecting polymorphisms in at least 
one target nucleic acid. These methods may include- amplifying at leasi one target nucleic acid; 
isolating either a positive or negative strand of the amplified target nucleic acid to form a single- 
stranded amplified target nucleic acid: and determining the masses of each single-stranded 
amplified target nucleic acid using a mass spectrometer where the amplified target nucleic acid 
comprises a region of intent;*! and one or more flanking regions. 

In yet another embodiment, methods are provided for detecting polymorphisms in al least 
one target nucleic acid by amplifying at least one target nucieic acid; reducing the lenglh of at 
least one of the amplified target nucleic acids comprising cleaving off a portion of one or more 
flanking regions; isolating either a positive or negative strand of said amplified target nucleic 
acid to form an amplified target nucleic acid; and determining the mass of each single-stranded 
amplified target nuck:c acid using a mass spectrometer where the amplified target nucleic acid 
comprises a region of interest and optionally one or more flanking regions 

The methods described in the present invention may also be used to detect 
polymorphisms in a set of different target nucleic acids. In this context, the methods should 
generally include: amplifying each of the target nucleic acids; reducing the length and/or 
isolating a single-strand of each of said amplified target nucleic acids; and determining the mass 
of each of the single-strands of said amplified target nucleic acids using mass spectroraetr>*. 
Thus, these methods can be used to detect polymorphisms in a plurality of different target 
nucleic acids simultaneously. 

Using the methods described herein, one can uniquely identify a genomic sample by 
amplifying the target nucieic acids; isolating singlc-sirandcd ampbTicd target nucleic acids: and 
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determining the masses of the single-stranded amplified target nucleic acids using mass 
spectrometry. The resulting mass determination or mass spectrum may provide information 
which may be used to indicate a disease stale, or propensity u, disease, uniquely identify the 
source of the sample, or map locations in a genome. 

In yet another embodiment, methods are provided for detecting polymorphisms in at least 
one amplified target nucleic acid further comprising removing at least one flanking 
polynucleotide region, if present, from at least one of the amplified laqjet nucleic acids before 
the isolating step. 

In a further embodiment, methods for detecting polymorphisms are described wherein the 
isolating step comprises binding the amplified target nucleic acid to a solid support and the 
removing step comprises using one or more restriction endonncleascs 10 cleave off one or more 
flanking polynucleotide regions. 

The mass of a preferably single-stranded amplified target nucleic acid may he compared 
with the known or predicted mass of the corresponding wild type singJc-stntnded amplified target 
nucleic acid, that is. the wild type version of the target nucleic acid that is being screened for 
polymorphism. Alternatively, the masses of more than one amplified target nucleic acid can be 
compared with the known or predicted masses of the commanding wild type amplified target 
nucleic acids, 

ihe amplified target nucleic acid or set thereof, can optionally have one or more 
nucleotides replaced with rnaja-modiftcd nucleotides, including mass-modified nucleotide 
analogs. For example, RG. 2A and FIG. 20 illustrate the increase in resolution for a A to I 
mutauon where the inasvmodificd nucleotide heptynyJdeoxyurjdtne has been used in place of T 
during PCR ampJification The use .if this mass-modified nucleotide results in a separation «f 
mass spectral peaks or 65 mass units instead of only y mass units. As this example illustrates, 
mass-modified nucleotides of the present invention may effect substantial increases in spectral 
resolution with only relatively small modifications in mass. Other examples of mass-modified 
nucleotides useful in the present invention include 5-(3.ammaulyl)-2'-dUTP. 5-bramo-dCl l\ 5- 
iodo-dCTP, 7-metbyl-dQTP. 7-dcaza-dGTP. dTTP, 5-bremo-dUTP. 1^6-ethenc-dATP, 5- 
mercun-dLTP. amirtomemylcoumarm-o-dmp. bioun-loHlUTP. 5-methyl-dCTP, 7-dca?* 
dA TP. alnhathio-dNlPs, no-aminohexyl-dATP. 5-iodo-dlJIP. 
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Another optional aspect of the invention is the inclusion of internal catibrants or internal 
self-calibranls b the amplified target nucleic acid or set thereof to be analyzed by mass 
spectrometry to provide improved mass accuracy. 

A preferred aspen of the invention includes the methods of detecting polymorphisms 
when., the determining sCC p further includes utilizing interna) self-calibrants 10 provide improved 
mass accuracy. The isolation methods separately or together may also be combined with the use 
of internal self-cali brants. 

The above methods, separately or in combination, may also be combined with the use of 
mass-modified nucleotides and mass-modified nucleotide analogs incorporated in the single- 
stranded cr double-stranded amplified target nucleic acid or set of single-stranded or dottblc- 
stranded amplified target nucleic acids to improve mass resolution between mass peaks. The 
methods of detecting polymorphisms may also include at least one single-stranded amplified 
target nucleic acid optionally having one or more nucleotides replaced with mas^-modified 
nucleotides. 

In ancther embodiment, kits for preparing amplified largel nucleic acids for mass 
spectrometry analysis are provided. Tiie kits of the invention may include a fim primer capable 
of binding a first strand of one of the target nucleic ackis at a region 5* to a region of interest of 
said target nucleic acid: a second primer capable of binding a second strand complementary i« 
the first strand at a region 5" to the region of interest of the target nucleic acid: a USA. 
polymerase capable of extending the primers to form primer extension products of d:e first and 
second primers; and a restriction endonuclease capable of reducing the length of amplified target 
nucleic acids where die first and sueund primers and said 1*1* polymerase arc provided in a 
concentration and buffer suitable for increasing the number of target nucleic acids to form 
amplified target nucleic acids 

Another embodiment encompasses a kit for preparing a double-stranded target nucleic 
acid having a first stamd and a second complementary strand for mass spectrometric analysis 
including: a first primer capable of binding the first strand of die target nucleic acid 5' to a region 
of interest of the target nucleic ae,d; a second primer capable of binding the second strand of the 
targei nucleic acid 5' to the region of interest of the target nucleic acid: a DMA potymemsc 
capable of extending the primers to form an amplified target nucleic acid; and a restriction 
e:idonuclcase capable of reducing the length oflhe amphficd targei nucleic acid. 
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The first and second primers and DNA polymerase may be provided in a concentration 
arid buffer suitable for increasing the number of target nucleic acids to form amplified target 
nucleic acids. The restriction endomtcleascs may be Type II or Type IIS restriction 
endonudcascs. Preferably, ihe first primer is biotinylated, preferably at or near the 5' end and the 
5 kit further comprises a solid support capable of selectively binding the first strand of the 
amplified target nucleic acid Thus, where the first primer is biotinylaied. the solid support could 
be a strepiavidin bead- Kits included m this invemioti may preferably also comprise a matrix, 
such as 3-hydroxyptcolznic acid. 

An aspect of the present invention also Includes a kit for preparing a double-stranded 

1 0 target nucleic acid having a first strand and a second complementary' strand for mas* 

spectromecric analysis comprising; a first primer capable of binding ihe first strand of the target 
nucleic acid 5' to a region of interest of the target nucleic acid: a second primer capable of 
binding ihe second strand 5 1 to ihe region of interest of the target itccleic acid; and a DNA 
polymerase capable of extending ihe primers to form an amplified target nucleic acid, where the 

35 first primer comprises a cleavable primer cieavable by chemical or enzymatic treatment. 

Preferred cleavable primers include those having an exonuclcasc Mocking moiety f a Type II or 
Type II restriction endorruclease recognition Kite, or a chemically cieavable she, such as a 
modified base, a modified sugar, or a chemically cleavable group incorporated into the phosphate 
backbone. Preferred chemically cleavable group;: arc diatkoxysilane. J'-t'Sj-phosphumihioate. 

20 5*-<S)-r>liosphorothsoate t 3'<N Vphosphoroamidale* or 5 # -fN)-phu.sphi jrnamidalc. 

Preferably, the kit may also contain a solid support capable of selectively binding the first 
strand of the amplified target nucleic acid. For example, if the first strand preferably comprises a 
biotin, die solid support could comprise a strcptavidin bead. These kils may also preferably 
further comprise a matrix, such as 3 -hydro x ypicolinic acid. 

25 Another embodiment is a kit containing: a first primer capable of binding a first strand of 

one of the target nucleic acids at a region F to a region of interest of the target nucleic acid: a 
second primer capable of binding u second strand complementary to the first strand at a region 5' 
to the region of interest of the target nucleic acid; a DNA polymerase capable of extending the 
primers to form primer extension products of the first and second primers, where at least one of 

30 the two primers is a cleavable primer. 
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BRIEF DESCRIPTION OF TIIE DRAWINGS 
FIG. IA is a resolved spectrum of nuefde acid fragments (DNA) in the 20.000 to 25,000 
Da range using M ALDI-TOF mass spectrometry. This positive ion time of flight mass spectrum 
was obtained from 200 fmoles of DNA in 1-HPA the summation of 100 laser pulses at 266 nm. 
The spectrum is of a single-stranded 72-mer which also shows a 71-mer. The FWHM resolution 
is 240 clearly resolving matrix adducts (labeled M). 

FIG. IB displays the positive ion TOF mass spectrum of a 88-mer parent peak and has a 
resolution or 330. This MALDI-TOF spectrum is a sum of 100 laser pulses at 266 nm was 
obtained from 200 imoles yf DMA in 3-HPA. 

FIG. 2A shows the mass spectrum of a heterozygous mix of wild type and muumt DNA 
fragments where an A has mutated to a T giving spectral peaks separated by 9 mass units. 

KIG.2B illustrates the effect on mass resolution of a mass-substituted base. The 
spectrum in Flfi. 2B consists of a mass spscmnn of a heterozygous mix of wild type and mutant 
UNA fragments where A has tn-jiated to T and the T has been replaced by hcptynyldcoxyuridme 
liuruig amplification of the mutant region (R -- beptynye). The spectral peaks are now separated 
by 65 mass units as compared to only 9 mass units in FIG. 2A. 

FIG. 3 is a diagram illustrating the effect of analyzing full-length double-stranded 
amplified target nucleic acid, where the blum-cnded douhle-strards result in unresolved peaks in 
the mass spectrum of tlie unresoivcd double-stranded fragments. In this instance, the source 
nuckjc acid may be amplified, for example, by PCR, and then mass analyzed as the futLlcngd-.. 
double-stranded product. The amplified target nucleic acid sliould typtcally be no greater than 
about 100 base pairs in length. 

FIG. 4 is a diagram illustrating die effect of analyzing reduced-length double-stranded 
amplified target nucleic acid, where one of the strands has a 4 nucleotide overhang which results 
in fully resolved peaks of the douWe-siranded fragments in the mass spectrum. In this case, the 
source- nucleic acid is amplified PCR) in step (a), then reduced in length by restriction 
digestion of the double-stranded product in step (b) to yield an uneven ended product. The 
reduced -length, double-stranded product is then mass analyzed to yield to fully resolved peaks. 

FIG. 5 illustrates thai analyzing only a single^tranced amplified target nucleic acid 
reduces, ihe number of strands and simplifies the mass spectrum. The source nucleic acid i? 
amplified (e.g. PCR) in step (a) and then captured to a solid phase streptavidin bead in step (b). 
The solid phase is then rigorously washed to remove salts and unwanted biomolecules including 
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the bottom complementary strand in step (c). The isolated fiill-length, single-stranded amplified 
uag'd strand is finally released into solution lo be mass analyzed in step (d). Although this 
diagram as well as the diagrams in FIG, 6, FIG. 7, FIG. 8, FIG. 9. FIG. 10, FIG. 1 1 and FIG. 12 
depicts the use of a biotkylate top primer (B) and a strcptavidin solid support, these schemes are 
also generally applicable to other methods of selectively binding one strand of an amplified 
target nucleic acid to a solid support to facilitate the washing away of unwanted biomolecuies. 
salts and the other complementary strains. 

FIG. 6 employs a clcavable primer to reduce in length an amplified targe: nucleic acid 
that is larger than 100 base pairs ro less than 1 00 nucleotides in length. The cleaving at the 
clcavable primer wee also releases the single-stranded amplified target nucleic acid from the solid 
support, [n this instance, the top primer is hiotinylated and cleavable. In step (a) the source 
nucleic acid is amplified (eg, PCR) and captured to solid phase strcptevxdin bead in step (b). 
The solid phase is then rigorously washed to remove sales and unwanted biomolecuies including 
the hottom complementary strand in slep (e). The isolated, reduced -length, singlc-strandcd 
amplified target is released into solution by cleaving the primer at the cleavable she in step (d.i 
for mass analysis. 

I'IC. 7 in a diagram illustrating the isolation of a single-stranded amplified target nucleic 
acid that has been reduced in length by cleaving off at least a portion of both flanking regions. 
The first flunking region contains a cleavable site in the cleavable primer, iocated outside of the 
region of interest. The second flanking region is on ihc opposite end of tlx: amplified target 
nucleic acid and the portion of that second flanking region is cleaved off by digestion with a 
restriction endonudeasc. The top primer is biotbiylaied and cleavable. The source nucleic acid 
is fina amplified (e g. PCR) (step (art and captured to the solid phase (e.g. strcptavidin bead) 
(step (b». The double-stranded target is then selectively restricted outside the genetic region of 
interest (step (c)). The order of steps (b) and (c) may be reversed The solid phase is rigorously 
washed to remove salts and unwanted biomolecuies including the bottom complementary strand 
(step (d)i. Finally, the isolated, reduced-length, .sinnlt-strandcd amplified target strand is 
released into solution to be mass analyzed hy cleaving the cleavable primer (step (e)), 

FIG. 8 shows the isolation of a single-stranded amplified target nucleic acid, where die 
lengdt of the amplified taiget nucleic acid is reduced by cleaving fF n portion of both flanking 
regions by ( I) using a first r top primer having a chemically cleavable site incorporated during 
amplification; and (2) using a boliom primer having a Type US restriction endoniiclease 
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recognition sit at the 5* end during amplification. The target nucleic acid is first amplified (e.g., 
PCR) (step (a)). The osc of the bottom primer with a type IIS restriction enzyme recognition site 
on the 5' end allows for the incorporation of mis site on the end of the target nuclide acid. The 
top primer is then captured to a solid phase (e.g., a strcptavidin bead) in step (h). One flanking 
region is then cleaved off by digesting with a Type IIS restriction endonuclease in step <c). After 
rigorously washing to remove salts and unwanted biomolecules. including the unwanted 
(unbound) complementary $lrand in RLep (d), the singlcwnrnded amplified target nucleic acid is 
released from the solid support by cleaving at the cleavoble site within the cleavable primer in 
step (e> fiir mass spectral analysis. The order of steps (b) and (c) are reversible. 

FIC. 9 depicts another embodiment of the invention, wherein one primer has an 
exomiclease biocker {♦). After amplification of the target nucleic acid, step (a), the amplified 
target nucleic acid contains an exonueiease blocking group. The amplified target nucidc acid is 
then created with a 5' to V exonueiease. step (b), which degrades the strand containing the 
exonueiease Hocking group only up to the blocking group. The 5 1 to 3' exonueiease completely 
degrades the other complementary strand ol the amplified target nucleic acid as the other strand 
does not have an exonueiease blceking group. The treatment with the 5' to V exonueiease, thus, 
leaves a single stranded amplified target nucleic acid for mass spectrometry analysis. 

FIC. 10 is a diagram illustrating yet another embodiment, in which one primer contains a 
Type IIS restriction recognition .site and a binding moiety, e.g.. biotin <B). wherein the Type IIS 
restriction cleavage site is located between the Type IIS restriction recognition site and the 
binding moiety. The source nucleic acid is first amplified using this primer and another primer 
complementary to ti»e other strand, step (a). The amplified target nucleic acid is then restricted 
with the Type US restriction endonuclease cinxesponding to the Type IIS restriction recognition 
and cleavable sites in the primer (step <b». leaving a reduced-length amplified target nucleic acid 
comprising a binding moiety, e.g. biotin, which can then be captured to a solid phase 
(streptavidin bead) (step (c>). The reduced-length amplified target nucleic acid is then rigorously 
washed to remove salts and the unbound complementary strand, step <d). Then the reduced- 
length, single^lranded amplified target nucleic acid is released from the solid support fur mass 
.spectromcuic analysis by denaturing the biotin streptavidin bond. e.g. . by boiling under low salt 
conditions, step (c). 

FIC. 11 is a diagram illustrating a variation of the embodiment illustrated in FIG. 10. 
*vhercin instead of isolating the bound reduced length, single-stranded amplified target nucleic 
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acid, the complementary (unbound) strand is released from the bound strand and isolated for 
ma^spcctrometricBmUysis. Thus, the source nucleic acid is amplified (step (a». The amplified 
target nucleic acid is then cleaved with a type Jlfi restriction cmlonucJcase (step (b)) and captured 
to a solid phase <*.*.. by biotin (b) minting with a streptavidin bead) (step (c)). Unwanted 
salts and biomolecules aic removed by washing t step (d)). This rime, in contrast to the schemes 
depiction FIG. 5. FIG. 6, FIG. 7, FIG. 8 and FIG. 10. The initial washing is not so rigorous as to 
disrupt the interaction between the bound strand and its complement. In step (e) the 
complementary strand is released for mass analysis. 

FIG. 12 is another embodiment wherein the double stranded DNA is mass analyzed. The 
source nucleic acid is amplify .step (a)). In this embodimenl the ic P primer i, biotmylated and 
contains a type IIS restriction site such that the cleavage site is between the region of interest and 
the biotin moiety. The amplified target nucleic acid is captured to the solid phase (step (b» to 
facilitate washing away unwanted salts and biomolecules (step (c)). A restriction endonuciease 
is then used to relea.se the double stranded fragment for mass spectral analysis fsiep (d». 

FIG. 1.1 is a mass spectrum of smgle-strandecl amplified short tandem repeats from the 
tyrosine hydroxylase gene TH01 locus. 

FIG, 14 is a mass spectrum of an allelic set (ladder) of single-stranded amplified target 
nucleic acids from the THO! gune locus, wherein the single-stranded amplified target nucleic 
acids ranged in length from 71 to 95 nucleotides in length. The method used to produce this 
spectrum is the one depicted in FIG. 6. 

FIG. 15 is a mass spectrum of a set of single-stranded amplified target nucleic acids 
wherein the single-stranded amplified target nucleic acids were the same as those depicted in 
FIG. 14 except that the lengths of die amplified target nucleic acids had been reduced by 31 base 
pairs by endorjuclease clcava**. Ihe method employed to prduec this spectrum is ihc one 
illustrated in FIG. 7. 

FIG. I6A shows the chemical formula for2'-deoxylhymidine-T.(Shphosphoroihioatc 
FIG. KB shows the chemical formula for2^eoxymymidi^e-^^fSVr)hosphorothioate. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

The present invention, directed to methods of and fkils for preparing target nucleic acids 
for mass s ( u*tromciric analysis and for detecting polymorphisms, provides advantages or 
teclmical ease, speed, and high sensitivity. Additionally, only minute samples of femtomol 
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amounts are required. The methods and kirs described herein yield a minimal sec of products 
with improved mass resolution and accuracy and detailed information about t!ie nature of the 
polymorphisms detected in the target nucleic acids screened. 

One embodiment of the present invention involves methods of detecting polymorphisms 
in one or more target nucleic acids comprising (a) amplifying at least one of said target nucleic 
acids, wherein each of said target nucleic acids comprises a region of interest and optionally one 
or more flanking regions, (b) Isolating either a positive or a negative strand of interest of each of 
said target nacleic acids in the form of one or more smgle-suanded amplified target nucleic 
acids, wherein said isolating preferably comprises binding said strand of interest of each of said 
amplified target nucleic acids to a solid support, and (c> determining the masses of each of said 
single-stranded amplificu target nucleic acids using a mass spectrometer, wherein said 
deteroiining preferably does not involve sequencing of .said amplified single-stranded target 
nucleic acids. The amplifying step may include «be use of a specialized primer that can be used 
in the isolating step to bind the amplified target nucleic acids to a solid support. The primer may 
also have attached a cleavable or reversible linker, or the primer itself may contain a cleavable 
site. If a cleavable site is introduced into one of the amplified target nucleic acids by using a 
cleavable or reversible linker during said amplifying step, the determining does not involve 
sequencing of the amplified target nucleic acids. The primer may aiso be biotinyletcd or 
modified in other ways such as to effect binding of the amplified target nucleic acids to a solid 
support. Ihe primer may also optionally be bound or attached lo the solid support prior to being 
amplified. One of ordinary skill in the art will appreciate the rauluplicity of methods to effect 
such attachment. 

The isolating may further comprise denaturing and washing to remove ihc 
complementary strand from the strand of interest which is bound i» a solid support, followed by 
release of the bound sfogle-stranded target nucleic acids from die solid support. Alternatively, 
the unbound complementary sirand may be released and isolated for mass spectrometric analysis. 

After amplifying and either before or after the amplified target nucleic acids have been 
bound to a solid support, the amplified target nucleic acid may be reduced in length by a number 
of different techniques. For example, one or more flanking regions may be cleaved using one or 
more restriction endonucieascs. such as Type II or Type IIS restriction endonucleascs or 
eombiaauons thereof The amplified target nucleic acid may also be reduced in length by using a 
cleavable primer. Another method of reducing length compnscs using an exonucleasc blocking 
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moiety in one of the two primers for amplification, and digesting said amplified target nuciek 
acid with a 5' to 3' cxonucleas*. 

I "he target nucleic acid may be single-stranded or double-stranded DN'A. RNA or hybrids 
thereof, from any source. The target nucleic acid is generally a nucleic acid which must he 
screened to determine whether it contains a polymorphism. The corresponding target nucleic 
acid derived from a wild type source is referred to as a wild type target nucleic acid The 
amplified target nucleic acids can be obtained from a source sample confining nucleic acids and 
can be produced from the nucleic acid by PCR™ amplification or other amplification techniques. 
Although human sources are preferred, any source which one is interested in screening for 
polymorphisms may be used in the methods described herein. When ihv target nucleic acid is 
RNA. the RNA strand is the t strand. If desired, the target nucleic acid may be an RKA/DNA 
hybrid, wherein cither strand can be designated the i- strand and the other, the - strand. 

Jn cases where the amplified tartyst nucleic acid contains UNA. the methods using 
restriction endonucleases described herein caniuu be used in directly reduce the length of the 
final product. A restriction endonuclease may be used to reduce the length of the double- 
Stranded DNA intermediates prior to the RNA Iranscriptionstep. 

The amplified target nucleic acids are lypicatly less than 100 oases in length because 
current mass soectrometric methods do not have the mass accuracy and resolution necessary to 
identify a single base change in polynucleotides iarger than 100 base pairs. However, as mass 
spectromeuic techniques for analyzing nucleic adds improve, the singlc-Ntrandcd or double- 
stranded amplified target nucleic acids of this invention may be larger than 100 bases in length 

Due to the simpler maS s spectrum that results from mass analysis of single-stranded 
amplified target nucleic acids, it is preferred to determine the masses of xeis of single-slnraded 
amplified target nucleic acids. The amplified target nuclric acids may also contain mass- 
mndified nucleotides, which can enhance case of analysis, especially when a point 
polymorphism has resulted in a very small mass change (on the ntder of « Da) in a target nucleic 
acid as compared to the corrusponding wild type target nuclcie acid. The methods described 
herein use mass spectrometry to determine the masses of a single-stranded amplified target 
nucleic acid or set of single-stranded amplified target nucleic acids to deteci polymorphisms in at 
least one target nucleic acid. 

The amplified target nucleic acids comprise a region of interest and optionally, one or 
more Honking regions. A region of interest contains or is suspected of containing a 
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polymorphism, whereas a flanking region is generally believed not to contain a polymorphism or 
a polymorphism in that region is considered unimportant 1 Tie region of interest may be as small 
as a single nucleotide. A flank iag region may contain a cleavabie site or clcavable moiety that 
can be selectively cleaved to release single-stranded nucleic acids from a solid support prior to 
mass spectrometry analysis. An amplified target nucleic acid may also optionally comprise 
another flanking region on the end of the target nucleic acid opposite from the cleavabie site used 
for release from the solid support. This second flanking region may contain one or more 
restriction cleavabie sites that do not occur in the region of interest. 

The methods described herein may be performed on a single amplified target nucleic acid 
or on a set of different amplified target nucleic acids, each containing a different region of 
interesi. Hie various steps of reducing length, binding to a solid suppon, releasing from the solid 
support may differ with respect to each different target nucleic acid in a set. or may be the same, 
and the resulting set of single-stranded or double-siranded amplified target nucleic acids can be 
mass analyzed simultaneously. Accordingly, another advantage of the methods described herein 
is that they can be used to prepare a set or collection of two or more different target nucleic acids 
in a single reaction or a single container, possibly using at least one common reagent, which 
results in increased efficiency and more informative data from a single mass spectrum of the 
prepared target nucleic acids. 

Wild type refers to a standard or reference nucleotide sequence, or number of repeat dk 
ui-. or tetra-tmcleotides, in which variations are compared. As defined, any variation from wild 
type is considered a polymorphism, including naturally occurring sequence polymorphisms, and 
mutations which are pathogenic. 

Two nucleic acids arc considered "complementary" if they are capable of specifically 
hybridizing to one another (I) under typical hybridization and wash conditions (see, eg., Maniatis 
et aL 1952) or (il) using reduced stringency wash conditions tout allow at most about 25-30% 
base pair mismatches, for example. 2 x SSC. 0.1% SDS, room temperature twice, 30 minutes 
each: then 2 x SSC, 0.1 % SDS, 37°C onee. 30 minutes; then 2 x SSC room temperature twice, 1 0 
minutes each. 

The types at mass spectrometry used in the invention include KSJ or MALDI. wherein 
these methods may optionally include tune-of-flighl. The significant multiple charging of 
molecules in RSI and the feet thai complex mixture analysis is often required mean that the ESI 
mass spectra will consist of a great many spectral peaks, possibly overlapping and causing 



WOtt/12355 PCT/US97/17101 

26 

confusion. Because the MALI)] MS approach produces mass spectra with fewer major peaks, 
this method is preferred. Thus, a MALDl MS tiiW-fhght instrument is preferred for the mass 
analysis of the invention. 

The method.? described herein do not require sequencing of one or more target nucleic 
acids (using the sequencing method, thai require four different base-specific chain termination 
reactions or chemical cleavages to determine the complete nucleotide sequence of a nucleic acid) 
in order to determine the nature and pivsence of ■ polymorphism within any ofsaicl target nucleic 
adds. However, the methods described herein, separately or in combination, may be used j rt th e 
sequencing of one or more amplified target nucleic acids using ma* spmrometric techniques. 

For an initial polymorphism screen, a useful range of amplified target nucleic acid sizes 
that will allow detection of a point polymorphism is around !0 to 100 bases. This size range is 
where mass spectrometry presently lias the necessary level of mass resolution and accuracy. 
•Jhus, the methods used in this tnvemion are designed to produce amplified target nucleic acids 
ranging up to about 100 bases in si*:, but can also be used to produce larger amplified target 
nucleic acids. 

Existing mass spectrometry instrumentation in the case of MALDI-TOF MS optimally 
has u mass accuracy of about 1 part in 10,000(0.01%), four times what is necessary for detect^ 
a single base change in a 50-base long single-stranded UNA fragment. Utilization of mass- 
modified nucleotides (described herein) and nearby masses as internal calibrants, provides 
opttmal resolution and mass accuracy of larger nucleic acids, and can extend th» usable poini 
polymorphism detection range up to 100 bases, if not higher. Continued advances in mass 
{mectrometric instnimentation will also push this range higher. 

Examples of the resolving capabilities of MALDI-TOF MS are displayed in FIG. 1 A and 
FIG. I D which show the positive ion TOP mass spectra obtained from 200 finoles of DNA in the 
matrix 3-HPA. FIG. 1A shows two single-stranded PCR products of lengths 71 and 72 (mass 
difference = 305 l>a - Adenosine) as well as the 72m«r and 72mer + u single matrix adducl (M) 
(mass difference •= 1 39 Da) u> be wcil resolved (FWHM resolution - 240). FIG. IB shows an 88 
base length single-stranded product having a resolution or 330. Both spectra display high 
enotiKh accuracy and resolution to detect a point polymorphisni if one were present. 
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Benefits of Analyzing Single-Stranded Nucleic Acids 

One object of this invention is the accurate mass determination of a wngie-.stn.nded 
amplified target nucleic acid or a set of single-stranded amplified target nucleic acids to 
determine presence and character of any polymorphisms. The embodiments of this invention 
include mass spcctromclhc mass determination of the single-stranded amplified target nucleic 
acid or set of different siitgle-stranded amplified target nucleic acids, * well as ma* 
determination of a mass-modified, single-stranded amplified target nucleic acid or set thereof, a 
preferred embodiment is to detect polymorphisms in an amplified target nucleic add in single- 
stranded form, wherein the siuglc-aranded amplified target nucleic acidfs) are derived from one 
or cither the positive or the negative strand of the genome. The examples of single-stranded 
method, described herein focus on singic-stranded amplified target nucleic acids derived from 
«* positive strand, although the method, disclosed in the present invention are equally 
applicable to target nucleic acid as derived from lire negative strand as well. 

HG. 3 illustrates that a double-sttanded target nuclei* acid comprising two 
complementary strands, produces two difficult to resolve peak* in the mass spectrum 
corresponding to the denatured single strands. The additional peaks from doubte-stranded 
amplified target nucleic acids as compared to single-stranded amplified target nucleic acids add 
to the congest^ of ma* peaks in toe mass spectra, as well as introducing the possibility that it 
may be extremely difficult to resolve the complementary fragments if they have nearly or exact! v 
identical base compositioav Furthermore, some portion of the double-stranded amplified target 
nucleic acids do no: fully denature, and mass peaks corresponding to the double-stranded 
products increase the spectral congestion. 

Spectra using both strands may also contain a two-fold redundancy in data, since any 
polymorphism in one strand may be oresent within its complement. One s^and mv be removed 
prior in mass spectrometry analysis while still producing all data necessary fo, a complete 
polymorphism analysis. Therefore, it is often preferable to analyze a set of single strands, using 
only one of the two complementary sets of amplified target nucleic acids representing the full set 
of inrgci nucleic acids. 

FIG. 4 .shows the expected spectrum if only the positive strand of a target nucleic acid 
foam FIG. 3 is analyzed by mass spectrometry as analysis of one of the two complementary 
strands of the doubte-stranded amplified target nucleic acids halves the number of expected 
peaks within the mass spectra, al.owbg lor beocr resolution. Thus, removal of one of the two 
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strands from each amplified target auclcic acids eliminates the greatest source of complication 
for each spectra. A number of methods for isolating and preparing single-stranded amplified 
target nucleic acids for mass spectrometry are described herein. 

PcutKicATiON Methods 

For mass spectrometry analyses, the target nucleic acids should be within the resolvable 
range and high mass accuracy range of the mass spectrometer. Additionally, oucieic acid 
fragments that do not contribute to the analysis and may unnecessarily convolute the mass 
spectra should be eliminated, if feasible. 

With analysis methods such as gei electrophoresis, a mixture of specifically labeled 
nucleic acid fragments (radioactive:* or fluorescein ly tagged) can be visualized in the presence 
of oilier unlabeled nucleic acid fragments that comigrate but are invisible and therefore do not 
convolute analysis of the gel (Lite. The mass spectrometry methods described herein do not use 
any form of labeling that could render certain fragments invisible, e.n. me complementary strand 
in a double-stranded product, and it is therefore preferable to remove such fragments prior to 
analysis. 

Tha samples should preferably be or relatively high purity prior to introduction to the 
mass spectrometer. The presence of impurities, especially salts, may greatly affect the 
resolution, nccuracy and intensity of the mass spectrometris signal. Contaminating primers, 
residual sample genomic IWA, and proteins, all can affect the quality of the mass spectra. 

The purification methods of the present invention are welNsuitca to mass spectroraetric 
analysis of nucleic acids. For example, the methods herein physically isolate selected sets .if 
single-sirandcd or double-stranded amplified target nucleic acids from a multiplicity of 
impurities including undesirable nucleic acid fragments (iocloding the cornpletnumary strand and 
flanking regions), proteins and salts, /hat would result in a poor quality mass spectrum. These 
isolation methods offer significant advantages due to the physical separation of a desired set of 
singlc-strandcd or double-stranded amplified target nucleic acids from outer impurities ir. 
preparation. 
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APPROACHES TO ROUTING SlNGLE-STR/WOED OR DOuBLE^STRAIYDED AMPLIFIED TARGET 
NlfCIJJC ACIDS 

As described earUcr. analysis or single-stranded amplified target nucleic acids is 
generally preferable since ii provides a complete set of data with the minimal number of 
fragments and therefore simplifies the spectra and facilitates an increase in the total number of 
target nucleic acids thai can he analyzed in a single assay. A number of approaches can be taken 
toward the paction of single-siranded amplified target nucleic acids and their purification 
which includes the elimination of nndesircd oligonucleotides. In some cases, it may he 
preferable to use a method of amplification that yields primarily single-stranded amplified target 
nucleic acids, such as asymmetric PCR or ttanscription-mcdiated amplification. 

To isolate the single-stranded amplified target nucleic acids, the amplified target nucleic 
acids may be designed to be attached or hound , 0 a solid support. Several means arc available to 
effect this attachment to a solid support, including: (a) hybridization to a complementary, solid- 
phase bound nucleic acid capture probe (which can be an oligonucleotide or one strand of the 
amplified target nucleic acid) comprising a first binding moiety that specifically binds to a 
•second binding moiety attached ut a solid phase: (b) direct binding of (he amplified target nucleic 
acid strands of interest, each comprising a polynucleotide region of intents* and a first binding 
moiety, to a second binding moiety attached to a solid phase (c*. biolin/sireptavidin or avid in or 
antigen/antibody pairs); or (c) direct covulent attachment of the strands of interest to a solid 
support. 

A capture probe is an oligonucleotide that comprises a portion capable of hybridizioB to a 
nucleic acid, such as an amplified target nucleic acid, and a binding moiety chat binds the capture 
probe to a solid phase, either through covalent binding or affinity binding, or a mixture thereof. 
A capture probe can itself bind to a solid support via binding moieties (direct capture) or can 
bind to a solid support via another capture probe that binds to a solid support (indirect capture). 

A preferred embodiment is the use of a biotinykted amplified target nucleic acid coupled 
to .streptavtdin or avidin attached to a solid support where the strand of interest is itself bound. 
Biotin coupling to streptav,din (or avidin) requires thai any amplified target nucleic acid or acids 
contain a biotin. The biotin is part of the linker molecule. It is straightforward to capture the 
amplified target nucleic acid because biottnylatcd primers can be used in the PCR amplification. 
If only on of the two strands of an amplified target nucleic acid is to ne analyzed by mass 
spectrometry, only one of the two PCR primers lor each different target nucleic acid should be 
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biotinylated. For each target nucleic acid, the PCR primer to be bioiinylatcd should be the 
primer that ia extended to form the single-stranded amplified target nuckic acid of interest. 

The amplified target nucleic acid or set of amplified target nucleic acids can be covalently 
attached to a solid support using any of the number of methods commonly employed in the art to 
irnmobihzc an oligonucleotide or polynucleotide on a solid support The amplified target nucleic 
acid or set of amplified target nucleic acids covalcntly attached to the solid support should also 
be stable and accessible for base hybridization. 

^ Covalent attachment of the amplified target nucleic acid or set of amplified tar B et nucleic 
acids to the solid support may occur by reaction between a reactive site or a binding moiety on 
the solid support and a reactive site or another binding moiety attached to the target or via 
interveeint- linkers or spacer molecules, where ihe two binding moieties can react to form a 
covalent bond. Coupling of ar. amplified target nucleic acid »r set of amplified target nucleic 
acids to a solid support may be carried out through a variety or covalent attachment functional 
groups. Any suitable functional group may be used to attach die amplified target nucleic add or 
set of amplified target nucleic acids to the solid support, including disulfide, carbamate, 
hydrazone. ester. N-fuacuonaiizcd thiourea, functiunalized nialamide, mercuric-suifidc, gold- 
sulfide, amide, diiolcster, azo. ether and amino. 

The solid support may be made from a wide variety of materials, such as cellulose, 
nitrocellulose, nylon membranes, controlied^pore glass beads, acrylamide gels, polystyrene, 
activated desman, agarose, polyeihylcne, functional ized plastics, jjlass. silicon, aluminum, sieel. 
iron, copper, nickel and gold. .Some solid support materials may require functionalization prior 
to attachment of an oligonucleotide or capture probe. Solid supports that may require such 
surface modification include aluminum, steel, iron, copper, nickel, gold, silicon, and 
nonfunctionalizcd polymers. Solid support materials for use in coupling to a capture probe 
include functionaliied supports such as the U'sartonyldiimidazolc activated supports available 
from Pierce iRockford, IL) or fuitciionalized supports such as those commercially available from 
Chiron Corp. (Emeryville. CA). Binding of an amplified target to a solid support can bo carried 
out by reacting a free amino group of an amino-modificd target with the reactive imidazole 
carbamate of the solid support. Displacement of the imidazole group results in formation ot a 
stable N iilkyl carbamate linkage between the amplified target and the support. 

The amplified target nucleic acid or set of amplified target nucleic acids may also be 
bound to a solid support comprising a gold surface. The amplified target nucleic acid or set of 
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amplified target nucleic acids can be modified ai their 5'-end with a linker arm terminating in a 
thiol group, and the modified amplified to ge, nucleic acid or set nf modified amplified targe; 
nucleic acids can be chemisorbed with high affinity onto gold surfaces (Hcgner. or «/., 1993b). 

In methods i„ which a solid-phase approach is used, preferably the double-stranded 
amplified target nucleic acid or set of amplified target nucleic acids may be washed to remove 
deleterious contaminants. However, when the amplified target nucleic acid strands of interest are 
directly bound, either covalcntly or via biotin'strcpomdin biotin/avidin imeraclions it is 
prefers to rigorously wash the sample to yield the highest purity. Such a rigorous wash 
typically removes the complementary sW if present, bating the single-stranded amplified 
target nucleic acid. Following washing, it is necessary to rele.se single-stranded amplified targe 
nucleic acids from the scud support for ma S5 spectrometric analysis, 'the Elation of a set of 
smgle-stranded amplified ta^el nucleic acids may be performed on the same plate that is used 
within the mass spectrometer or on a scpaiu* surface such a* beads or a filter. Both the capture 
probe hybridization and biou^treptavidin or biotin/avidin approaches can use a number of 
means of deuaturation to disnml the noncovalent interactians and afford release of the set of 
single-stranded amplified target nucieic acids bound to the solid support. 

Alternatively, a cleavable linkage may be incorporated between the lirst binding moietv 
and the amplified target nucleic acids. Any covalem coupling chemistry may be reversible or it 
may be nceessary to include a separate chemically cleavablc linkage somewhere within the 
bound product. It may also be useful to use a chemically eleavable linkage approach with the 
biotin/struptavidin (or avidin) strategics so mat release of the doul^-stranded target nucleic acid, 
can be formed under relatively mild conditions. In all case, the clcavable linkage can be 
located within the linker molecule connecting the biotin and the base a disulfide b l!n d in the 
linker;, within the base itself (e. y . a more labile g^ycosidic linkage), or within the phosphate 
backbone linkage {e . K replacement of phosphate with a phospboramidalej. 

.Another way to isolate .single-stranded amplified target nucleic acids is to use a primer 
comprising an e*onuclcase blocking moiety and to trea, with a 5' ,o .V exonuctease. which 
digests the suand lacking an oconuclease blocking moiety and the portion of the other strand up 
to the exomdeuse blockillg moiet> , liaving jmi ^ ^on ftf ^ ^ ^ 

exonuclea.se blocking moiety and the portion of (hat strand 3" to the exonuclease blocking 
moiety. litis method is described in the methods of reducing length section herein, single- 
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stranded amplified target nucleic acids can also be isolated by using a DNA-specific or RNA- 
specific nuclease to digest an RNA/DNA hybrid, 

llie use of two primers each comprising an exonuciease blocking moiety, wherein each 
primer binds to a different complementary strand, is another way m isolate a double-stranded 
amplified target nucleic acid. 

Methods of Reducing Lkngtii of amplified Taught Nucleic: Acids 

^ After the amplification of target nucleic acids, ihc amplified targci nucleic acids, which 
are in double-suwded forau can be cleaved with restriction endonudeascs to tcmove flanking 
regions that arc not within the rc^on of interest, wherein said region of interest is suspected of 
containing a polymorphism. 

If DNA restriction endonudeascs are used to remove one or more flanking regions from 
an ampJified largei micleic acid prior to isolating the single-stranded or doublcstranded 
amplified target nucleic acid(s). it may he necessary for the Amplified target nucleic acid to have 
a doublc.slranifcd form prior to restriction, or more specifically, thai the restriction endonudease 
recognition sites and cleaving sites be located in double-stranded DNA regions Hanking or 
outside the region of interest The alternative to having fully double-stranded DNA prior in 
restriction is 10 hybridize restriction site oligonucleotide probes to <nngU>5lrandcd DNA. wherein 
the restriction site oligonucleotide probes arc complementary to the restriction sites for selected 
restriction endunuclcases* 

The basic known methods for DNA isolation - precipitation, dialysis, filtration and 
Chromatography do not isolate smgie-slranded from double-stranded DNA. If these puriflcatkm 
methods are employed, and it may be desired to produce a single-stranded product, it is 
necessary 10 add a separate step where single-strand Isolation is performed 

If restriction endonudeases arc used tn cleave off one or more regions from an amplified 
target nucleic acid, a preferred mcdiod for isolating single-stranded amplified target nucleic acids 
from these products is to use at least one biotiayiated primer located ;ic cvic end of an amplified 
target nucleic acid. 

Ihc production of reduced lengih amplified target nufcJcic acids can provide benefits of 
increased accuracy and resolution in the mass spectrometry analysis of even double-stranded 
amplified targci nucleic ariefc. Douhle-stranded amplified target nucleic acids can have their 
length reduced in a similar manner to thai used for processing single-stranded amplified target 
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nucleic acids. Either endogenous restriction recognition sites outside the region of interest or 
primer-incorporated restriction recognition sites, as described below, or combinations thereof can 
be used. Endogenous restriction recognition sites arc those that arc found naturally within one or 
more flanking regions. 

In cases where one or more endogenous restriction recognition sices cannot be found 
outeicfc the region of intent, an alternative method is necessary for reducing the length of the 
amplified target nucleic acid. Use of a modified primer during the amplification process can 
mediate the incorporation of a Type II or Type IIS restriction endonuclease recognition site 
within a primer region of the amplified target nucleic acid. Type CIS restriction endonuclease* 
recognize u particular doubtc-stranded sequence region and selectively cleave the double strend a 
defined distance away from the recognition site. As an example, the restriction enzymes Iipml 
and BsgJ cleave the double strands 14 nucleotides (top strand) and 16 nucleotides ( bottom strand) 
away from the recognition sites. Other representative Type IfS restriction enzymes include 
BseRI. BsmKJ and FokL See New England Biolabs J 996 Product Catalog. Use of Type IIS 
restriction for the reduction of amplified target nucleic acids is illustrated in FIG. 7. 

The restriction method for reducing the length of an amplified target nucleic acid aiidrds 
significant advantages where double-stranded amplified target nucleic acids are to be analyzed 
by mass *pcctcometry- For instance, the .smaller molecules are easier to resolve, Moreover, a 
second beneficial effect of using restriction endonudcases to reduce length, specifically one that 
does not produce blunt ends, is the production of two strands of different lengths and hence 
different masses. The creation of two complementary' strand* of different lengths, p.* * to 6 
nucleotides difference in size* yields dramatically improved separation and resolution of two 
complementary strands during mas* spectrometry analysis as shown in FIG. 4. In many cases, 
reduction of length by restriction endonuclease digestion can eliminate the need for single-strand 
isolation. 

In one embodiment, the restriction endonuclease recognition site can he the same as the 
site of cleavage, located in the flanking region opposite from the end of the amplified target 
nucleic acid that is bound to the solid support. In another embodiment, the restriction 
endonuclease recognition site is different from the site of cleavage, as in the case of Type IIS 
restriction endonucleases, which cleave at a defined distance (20-40 bases) from one side of their 
recognition sequence. When a Type IIS restriction endonuclease is used to reduce Hits length of 
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an amplified target nucleic acid, both the recognition site and the site of cleavage arc commonly 
located outside of the region of interest and in the flanking region. 

One of ordinary *kiJl will readily appreciate that many combinations and variations of 
these methods for reducing length arc possible. For example, endogenous Type TT reliction 
recognition site for one or more Type II miction endonucJease can be used W reduce length 
on one or both regions flanking a region of intent. Alternatively, endogenous Type IT and 
endogenous Type IIS restriction recognition and cleavage site* can be used , 0 reduce' length bv 
cleaving in one or more flanking regions. Also, one or more friction recognition sites can be 
mtroduced using a mismatch primer or an overhang primer containing one or more new 
restriction recognition sites, a mismatch primer is one which contains a, leas: a single base 
mismatch with the target nucleic acid to bo amplified and can include primers that have an 
overhang region that docs not hybridize to the target nueleic acid Mismatch primers are a type 
of clcavable primer. Alternatively, endogenous restriction recognition site, and primer- 
introduced restriction recognition site, can be combined. Clcavablc sites can al«> occur outside 
the primer region, ranging from 2O-50 nucleotides away from the end of the primer region. All 
of these types of primers are cleavable primers because they contain a site, moiety or group, that 
can he used to reduce (he length of the target nuclek acid. For example, clcavablc primers may 
contain a rccogniiion site, a cleavaMe site, or an exonuciease blocking moiety. 

Anotiu* method of reducing l efl gtb involves lhe usc of a primer an 
exonuciease blocking moiety, wherein said exonuciease blocking motety prevents a 5' to 3' 
exonuciease From digesting a region of .nrere* that is 3' to said exonuciease blockmg moiety. 
The exonuciease blocking moiety can include modified nucleotides that prevent 5' to 3' 
exonuelease activity from continue eft . phosphorothioatcs. methyl phosphonates, borano 
phosphate, and peptide nucleic aetds fPNA). FIG. 9 depicts .he usc of an exonuciease blocking 
moiety and an exonuciease to reduce the length of a target nucleic acid. I7,e nucleotides (hat are 
degraded by the exonuciease an: a multiplicity of dcavahle sites, including many that are 
adjacent to one another. 

Peptide nucleic acids arc modified DNa mimics in which the sugar-phosphate backbone 
has been replaced with a backbone based on amino acids. Peptide nucleic aeids exhibit 
sequence-specific binding to DNA and RNA and are resistant to nuclease and protease attack. 
See Buchardur^ 1993. A preferred y lo 3 ' exonuciease i, Exonuciease III. FIG. 9 illustrates 
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Jiow the use of this method results in isolation of « reduced-length single-stranded amplified 
target nucleic acid. 

The e*onudease approach to reducing Jenpth can be also used in combination with one or 
more of the restriction endonuclease cleavage techniques described above so reduce length, in 
such a combined approach, the restriction cleavage should occur hefore the exonuclease 
digestion. 

One of ordinary skill in the an will appreciate that the above methods of reducing length 
may also be used as means of isolating a reduced-lengtb amplified target nucleic acid or a 
redueed-length single-stranded amplified target nucleic acid For example, a chemically 
cleavablc site can be incorporated in a Hanking region and cleavage at that siie can accomplish 
both length reduction and release from a solid support at the same time. Thus, for example, af ter 
the amplified target nucleic add is reduced in length, cither the bound strand or the unbound 
strand or both strands of said amplified target nucleic acid can be isolated for mass spectrometry 
analysis. 

In cases where the single-straadcd amplified target nucleic acid strand to be analyzed is 
directly bound to the solid phase, it can be rigorously washed to remove unbound components, 
including My numbCT of da^ous contaminants, including the unwarned complementary 
strand, nucleic acid fragments containing at least a portion of a flanking region, salt*, enzymes, 
and other reagents, These unbound components can be removed from any nucleic acid bound to 
a solid support in any of the embodiments described herein and combinations thereof. If the 
strand to be analysed (dw strand of interest) is not bound directly but rather via hybridization to a 
complementary nucleic acid, it cannot be as rigorously washed and thereby ennnot be purified to 
as great an extern. Direct binding of the amplified target nucleic acid strand to be analyzed 
ultimately produces a higher quality signal. less salt adduets. during mass .spectrometric 
analysts, thus improving mass resolution and accuracy. 

Following the necessary wash steps, the single-stranded amplified target nucleic acids are 
released from the toiid support and analyzed by mass spectrometry. Note that regions that are 
cleaved nil by one or more restriction cndonucleases are released :nto solution and washed away, 
and are therefore not analyzed. Loss of these flanking regions car. enhance the ability for mass 
spectrometry to quickly identify (he existence of a polymorphism. The isolation of the single- 
stranded amplified target nucleic acids occurs prior ui the mixing of the single-stranded 
amplified target nucleic acids with the matrix material for mass spccuornciric analysis. 
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To release reduced-length single-stranded ampiified target nucleic acid from the solid 
.support, several methods can be used, depending on the method, used to bind the amplified 
target nucleic acid to the solid support. Both the hybridization and bioun/streptavidin for «i*0 
methods can use a number of means of denaturation to disrupt noncovalcnt interactions and 
cause the release of the bound single-stranded amplified target nucleic acids. Any covalent 
chemistry used must be either reversible or include a separate chemically deavable site 
somewhere within the bound product. It may be preferred to use a chemically cleavahle site with 
the biouWstrcntavidin (or avidin) method so that release of the target nucleic acid, can be 
perform under relatively mild condition. In all case,, the clcavable site can be located within 
» hnker molecule connecting the biotin and the base (e.g. a disulfide bond in the linker) within 
the base itself a more labile glycoside linkage), or within the phosphate backbone linkage 
(e.g. replacement of phosphate with a phosphoramidatc). 

In a preferred embodiment, the deavable she is located near the 3' end of the primer used 
to bind the amplified target nucleic acid to the solfd support. Ry locating the deavable site near 
the y end. it is possible to further reduce the length of the amplified target nucleic acid 
ehmmating a flanking region from the polynucleotide region of interest. Clcavable primers are 
described i« .'CT/US96/06116, filedApril 26. 1996 (incorporated herein by reference). 

improve « s accukacv av Mi rm,. Calibration and Ira^xuStuF^B^^ 
Mass speeuomeiars are typically calibrated using analyses 0 f Lwwn Inas , A mass 
spectrometer can then analyze an analyte of unknot mass with an associated mass accuracy and 
predion. Ih.wever. the calibration, and associated mass accuracy and pulsion, for a given 
mass spectrometry system (including MALDLTOP MS) can be sigmficantlv improved if 
analyses of known mass are contained within the sample chaining the analyte(s) of unknown 
masses. The inclusion of these known mass analyses within the sampic is rcfencd to as use of 
internal calibrants. External cahW, i.e. analyses of known mass that are no. mixed in with 
the set of target nucleic acids of unknown mass and simultaneously analv^d in a mass 
spectrometer, arc analyzed separately. External caiibrants can also be used to improve mass 
accu*cy. but because they are not analyzed simultaneously with the set of targe, nucleic acids of 
unknown ma*, they will not increase mass accuracy as much as internal calihrams do. Another 
disadvantage of using external callbranLs is that it requires an extra sample to be analyzed by the 
mass spectrometer. For MALDI-TOF MS. generally only two calibmnt molecules are needed for 
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complete calibration, although sometimes three or more calibranls are used. All of the 
embodiments of ihe invention described herein can be informed with the use of internal 
calibrants to provide improved mass accuracy. 

Using the methods described herein, one can obtain a mass spectrum with numerous mass 
peaks corresponding to the set of singlc-strandcd amplified target nucleic acids under .study. If 
«o polymorphism is present in any of said target nucleic acids, all of the mass peaks 
corresponding to the amplified target nucleic acids will be at mass-to-chargc ratios associated 
with the set of amplified target nucleic acids from the wild type target nucleic acids. However, if 
a larget nucleic acid contains a polymorphism, usually no more than one or two of the mass 
peaks will be shifted in mass, leaving the majority of ma*? peaks at unaltered locations. In a 
preferred embodiment or the invention, a self-calibration abolition uses these nonpolymotphic 
or unmunucd tarpet nucleic acids for internal calibration (o optimize the mass accuracy for 
analysis of d,e single-stranded amplified target nucleic acids containing t, polymorphism, thus 
requiring no added calibrant(s). simplify^ the calibration, and avoiding potential spectral 
overlaps. In «, given sample, however, it will not be known a priori which mass peaks, if any, 
arc altered or shifted fn>m their expected masses for the wild type target nucleic acitis. 

The sclf-calibiauon algoritlun begins by dividing up the observed mass peaks into 
subsets, each subset consisting of ail but one or two of the observed mass peaks. Each data 
subset he* a different one or tw* mass peaks deleted from consideration, for each subset, the 
algorithm divides the subset further into a first group of two or three masses which are then used 
tt» generate a new set of calibration constants, and a second group which will serve as an internal 
consistency check on those new constants, ("he internal consistency check begins by calculating 
the mas* difference between Ihe m/z values calculated for the second group of mass peaks and 
the values corresponding to reasonable choices for the associated wild-type target nucleic acids. 
The internal consistency check can thus take the form of a chi-squ«re minimi/ation where the 
key parameter is this mass difference. The algorithm finds which data subset has the lowest sum 
of the squares of these mass differences resulting ,n a choice of optimized calibration constants 
associa:cd with group one of this data sunset 

After new self-optimized calibration constants are obtained, the mass-to-charee ratios are 
determined for the mass peaks omitted from the data subset; these are the amplified target 
nuddc acids suspected to contain a polymorphism. The differences from the observed mass 
peaks for the wild type amplified target nucleic acids are then used to determine whether a 
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polymorphism is present, and if so, what the nature of this polymorphism is (e.jj. the exact type 
of deletion, insertion, or point polymorphism). ibis self-calibration procedure should yield a 
mass accuracy of approximately 1 part in 10.000. 

The methods described herein permit MALDI-TOF MS analysis of simpe-stmnded 
amplified target nucleic acid, which has a mass accuracy of approx imately J part in 10,000. The 
use of internal self-calibtants makes it possible to extend this level of accuracy up to and 
potentially beyond 30,000 Da or 100 bases. This mass accuracy enables exact sfcing of one or 
more target micleic acids and the detention of die presence and nature of any polymorphism, 
including point polymorphic insertions and deletions. Further described herein arc methods 
for improving the resolution of individual target nucleic acids by means including elimination of 
equal-length complementary pairs through the use singlc-strand-targetcd isolation procedures, 
and the incorporation of mass-modified nucleotides to enhance the mass difference between 
similar sized amplified target nucleic acids and/or wild type amplified tatyet nucleic acids. In 
addition, :hese methods provide for the removal of salts and other deleterious materials as wcj] as 
a means for ihe removal of unwanted nucleic acid fragments prior to mass spectroscopic 
analysis. 



MASSKESOl.UTIOIV, MASS ACCURAt TT, AND THE I.SEOI.-MaSS^MOUJ17ED NlKl.EOriOES 

Any of the embodiments of the invention described herein optional* include amplified 
■argct nucleic acids having one or more nucleotide* replaced with mass-modificd nucleotides, 
wherein said mass-modified nucleotides emprise nucleotides or nucleotide analogs having 
modifications that change their mass relative to the nucleotides that they replace. The mass- 
modified nucleotides incorporated into the target nucleic acids of the invention musi be amenable 
to the en/ymatie and nononzymalic processes used for the amplification of target nucleic acids. 
For example, the mass-modified nucleotides must be able to be incorporated by DNA or RNA 
polymerase during amplification of the targe, nucleic acid. Moreover, the mass-oiodified 
nucleotides must not inhibit the processes used to process the target nucleic acids, including, 
infer alia, specific cleavage by restriction endooucJcases, whenever such steps are used. Mass- 
modifications can also be incorporated in the target nucleic acids of the invention after the 
enzymatic steps have been concluded. For example, n number of small chemicals can react to 
modify specific bases, such as fccthoxaJ or foimaldehyde. 
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Any or ail of the nucleotides in the target nucleic acids can be mass-modified, if 
necessary, to increase the spread between their masses. It has been shown that modifications at 
the C5 position in pyriniidiras or the N7 position in purines do not prevent their incoiporation 
into growing nucleic acid chains by DNA or RNA polymerase (Lee et c /„ 1 992). For example, 
an oclynyl mnicty can he used in place of methyl on thymidine to alter the mass by 94 Da. 

Mass-modifying groups can be, ibr example, halogen, alky!, ester or polyester, ether or 
polycthcr. or of the general type XR, wherein X is a linking group and R is a mass-modifying 
group. The mass-modifying group can be used to introduce defined mass increments into the 
target nucleic acids. One of skill in the an will recogniae that there are numenxis possibilities 
for ma«!-modificati»ns useful in modifying nucleic add fragments or oligonucleotides, including 
chose described in Oligonucleotides and Analogues; A Practical Approach. Eckstein ed. (Oxford 
1991) and in PCT71JS94/00193, which are both incorporated herein by reference. 

At larger mass ranges (30,000-90,000 l*|, the mass resolutinn and mass accuracy of 
current MAT JJJ-TOF mass spectrometers will not typically he sufficient to identify a single base 
change For ihis reason, it may be preferable io increase the useful mass range artificially by 
substituting standard nucleotides within a tar K ct nucleic acid wifh mass-modified nucleotides 
having significantly larger mass differentials. Use of mass-ir.odificd nucleotides applies as well 
to the mass range belgw 30,000 Da. Mass modification can generally increase the quality of the 
mass .spectra by enlarging the mass differences between different amplified targei nucleic acids 
of similar size and composition. For example, mass-modified nucleotides can increase the 
minimum mass difference between two amplified target nucleic acids that happen to be identical 
in base composition except for a single base which is an A in one and is a T in the other. 
Normally, these two targei nucleic acids will differ in mass by only 9 Da. By replacing one of 
the bases with a mass-modified version during amplification, the mass difference can be > 20 Da. 

The illustrations of spectra in FIG. 2A and FlO. 2B depict the influence mass^odificd 
nucleotides can have on target nucleic acid resolution. One example of the many possible mass 
modificaUons useful in this Invention is die use of 5-(2-heplynyl)-deoxyuridine in place of 
thymidine. The replacement of a methyl group by heptynyl changes the mass of this particular 
nucleotide by 65 Da. An A to T transversian in a nucleic acid in which all thymidine bases have 
been replaced with 5-<2-heptynyl>-deo>cyuridine would produce a peak shift of 56 Da as opposed 
to 9 Da for the same nucleic arid fragments withuut the rnass-modificd nucleotides. The use of 
mass-modified nucleotides is especially important in the analysis of sin B le-stranded target 
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nuckic acids derived from RN A. Normally, the masses of C and U vary by only I Da. making it 
practically impossible to detect C to U or U to C point polymorphisms within a given target 
nucleic acid. 

Each of the techniques described herein can be used in combination with any of the 
isolation methods also described herein. Moreover the techniques can be used in combination 
with each other, as one of ordinary skill in the art using the techniques described herein how to 
combine the different aspects of the invention. All of these methods and combinations thereof 
can optionally include the use of mass-modified nucleotides ami internal calibrams. 

Kits 

The present invention also includes kits for preparing nucleic acids for mass 
•spectromeiric analysis. In one embodiment, a kit comprises: a first primer capable of binding a 
first strand of one of said target nucleic acids at a region .V to a region of interest of said target 
nucicc acid: a second primer capable of binding a sectinrf strand complementary to said Aral 
strand at a region 5" to said region of interest „f said target nucleic acid: a DNa poh-merasc 
capable of extending .said primers to form primer extension products of said first and second 
primers: and a restriction endonuclease capable of reducing length of amplified larger nucleic 
acids. The restriction eiulonucleasc can be a lyjje II restriction endonuclease or a Type US. Ihe 
first primer may be Motinylated, i.e. comprise ai least one biotin. The kit may also comprise a 
solid support capable of selectively binding cither a positive strand 0 » a negative strand 
comprising ±c region of interest of an ampl ified target nucleic acids, and a matrix solution. 

In another embodiment, a kit comprises a first primer capable of binding a fust strand of 
one of sard target nucleic acids at a region 5' to a region of interest of said target nucleic acid: a 
second primer capable of binding a second strand complementary to said first strand at a region 
5' to said region of interest of said target nucleic acid; a DNA polymerase capable of extending 
said pnmers to form primer extension products of sued first and second primers: wherein the fiist 
printer is cleavabfe by chemical or enzymatic treatment. Tim deavable primers of the invention 
include those comprising a cnemicalJy cJeavabte sire, an c*onucIease blocking moiety, a Type 
US restriction endonuclease recognition site, or at least one biotin, but does not include a Type II 
restriction endonuclease recognition site where one of the complementary strands cannot be 
cleaved by said Type II restricdon endonuclease. This kit may optionally comprise a solid 
support and a matrix solnti n. 
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The following examples arc provided to illustrate embodiments of the invention, but do 
not limit the scope of the invention. 



EXAMPLES 

Example I. PCR Amplification of a Single Target Nucleic Acid. 

An example PCR protocol that may be employed in (his invention Ls as follows. 
A sample containing KMIUWG copies of a source DNA may be mixed wiih two antiparallel 
DNA primers thai surround a l&rget nucleic acid, e.g. the coding region for a gene involved in 
carcinogenesis. The Target nucleic acid may be any sequence thai (s known or suspected to be 
polymorphic, including STRs, SSLI\ and genetic deletions, insertions or point polymorphisms. 
The PCR mix may typically he composed of: 8 \i\ 2.5 mM deoxynacleoside triphospnmes. 10 \x) 
I0X PCR buffer, I :> \x] 25 mM MgCl^ 3 \xl 10 piM forward primer, 3 jit 10 uM reverse primer, 
0.3 pi thermostable Tacf ON A polymerase, 64.7 u| H 2 0, and 1 yd source DNA. The sample tube 
may then be sealed and placed into a thermal cycling device. A typical cycling protocol i.s as 
follows: 



Step J 


M ? C2mm 


Step 2 


95 C C J 5 sec. 


Step 3 


55*C 1 5 sec. 


Step 4 


72«C Imin. 


Step 5 


repeat Steps 2-4 35 limes 


Step 6 


72*C5mm. 


Step 7 


stop 



Example 2. Production of Sioglc-Stranded Nucleic Acids by Asymmetric VCR. 

The basic PCR procedure of Example I can be modified in order to produce 
predominantly one of the two strands. These usymmecric procedures involve modifying the 
ratios of the i wo primers, a typical ratio is 10:1. These procedures are described in Molecular 
Cloning: A Laboratory Manual, Sambrook ti oi . 1989 (incorporated by reference herein). 
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Example 3. Production of Single-Stranded DNA via Biotmylatcd PCR Product*. 

For the preparation and capturing of amplified target nucleic acids to a solid support, one 
of the two primers used in PCR amplification may be synthesized with a bioiin moiety internally 
or at the 5' end of the oligonucleotide. Following a standard PCR, the doubic-stranded product 
can be bound to a solid-phase surface coated with streptavklin. For example, 10 pmol of double- 
stranded PCR product is mixed with 5 ul of 10 mg/ml paramagnetic streptavidin-coatcd beads in 
a binding/washing buffer of 2.0 M NaCl. 10 n>M TrisOI. I «M EDTA, pH 8.0. The solution is 
incubated for 15 min. at roum temperature with mixing. Following incubation the tube is placed 
next ttf a high field, rare earth magnet and the paramagnetic beads with the bound bintinylatcd 
PCR product are precipitated to the wall of the tube The supernatant is removed, and the 
particles, outside the influence of the magnetic lield, are resu.spend.cd into binding/washing 
buffer. The beads and wash solution are mixed and then subjected once again to the magnetic 
field to precipitate the magnetic particles. The supernatant is once again removed and cither the 
wash step is repeated or the alkaline denaturaiinn step commences. To release the unbiotinylated 
strand from the double-strandcd product, the beads ate mixed with an alkaline denaturaiion 
solution such as, 0.1 M NaOH. The beads are incubated at room temperature for 1 0 min. which 
denatures the PCR product and releases the unbiotinylated product into solution. The 
biotinylated strand, bound to the magnetic beads is precipitated from the solidou under the 
magnetic field and unbiotinylated strand, now single-stranded, can optionally be transferred to a 
new tube with the supernatant and readied for mass spectrometry analysis. 

The bound singlc-straiidctl amplified target nucleic acid can be released liom the 
streptavidin-coatcd beads using one of a numl.cr of different procedures. These procedures 
include denaturation uf biotin'suepiavidin hond by heat denaturation (95 °C for 5 min.;, or the 
use of a denaiurant. such as NaOH (1 mM NaOll for 15 min. at 65 'Q. and ase of a secondary 
cleavnblc stte, such as a disulfide linkage (100 mM DTT (dithiothreitol) for 15 mm. a: room 
temperature) or a 5* thiolatcd nucleotide 1 0.1 mM AgNO, fur 15 mia at room u-mpcratutc) 
present within the primer 

Example 4. Mass Modification of Target Nuclek Acids. 

Mass modification of the target nucleic acid is typically pertbrmcd during the 
amplification step. One or more standard deoxynucleoside triphosphates are replaced with 
m dified deoxynucieoside triphosphates. As an example thymidine may be replaced with a 5- 
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alkynyl-subsciluted-2'-dcoxyuriuine triphosphate. Because the modified nucleotides may not be 
efficient substrates for D1\A polymerase it may be necessary to increase the concentration of the 
corresponding triphosphate by a factor of 2 to 100 over normal levels. 

Example 5. Analysis of Single-Stranded Amplified Tetranueleotidc Repeat Region of 
THOI Gene, 

A sample of human genomic DNA is subjected lo PCR amplification with the primer 
pair (SEQ ID NO: 2) 5'-Biotin-GTGATTCfx;ATTGGCCTGT(iiT)CCTC-3' and (SGQ ID NO:2) 
5'- AGTGCAGG1CACAGGGAACACAGA-3 1 , which selectively amplify the tecranuclcoudc 
repeat region of the tyrosine hydroxylase ("THOI") gene to give 90-1 14 bp PCR products wliere 
ST is 5'-thiolated thymidine, also known as 2 , -deoxythymidine-.r-f. , i5)-phosphorolhioatc (see FIG. 
16). These PCR amplified target nucleic acids are ahout a factor of 2 smaller products than 
current commercially available primers provide. The PCR icacaon is performed on a 50 uL 
scale using 17.5 pmoJ of each primer and 50-100 eg of template, with 30 3-step thermal cycles, 
following an initial step at 94°C for 2 min. of 94'C for 45 s followed by 55>C for 30 s and then 
72°C for 30 s. A final slep at 72°C for 5 min is added to complete the reaction. The biotinylated 
product is bound to streplavidin-cuated magnetic beads MPG (CPG Inc.. Great Keck, NY) and 
then subjected to denatujarion conditions of 0.1 VI NaOH for 10 minutes. The solid-support- 
bound singic-siranded target nucleic acid is dten subjected to extensive washing with 10 mM 
ammonium acetate and dekmized water. Fhc single-stranded amplified target nucleic acid is 
then released ftom the beads hy cleavage of the P-S hond in the eleavahlc primer with 0.1 mM 
AgNOj. After 2 f*L of 100 mM dithiothrciiol is added tr» sequester the Ag 4 ioo, the sample is 
evaporated to dryness in a Speed-vac concentrator. For analysis, the sample is rcdissolved in 
I u.L deionized H/» and is mixed with 1 pi, of matrix solution consisting of 3-HPA 
(3-bydroxypicolinic acid) in acetonitrile:H 2 0 1:1 . The sample is deposited ontii a silicon stage, 
dried under a gentle flow of nitrogen and is placed into the mass spectrometer. 

The experimental apparatus used for analyzing the sample amplified target nucleic acids 
is composed of an excitation source, a sample manipulator and a TOF mass spectrometer. The 
excitation source used for desorptton is a Kd:Y/\G laser. The laser is operated nl a 10 Hz 
repetition rate, with a 5 nanosecond pulse width. Ihc desorplion laser beam maintained at an 
incident angle of 45 e is focused onto the sample widi a 250 mm focal length AL-2 coaled 
spherical minor to an elliptical spot size of approximately 100 by J 50 urn. A Clan-laser 
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polarizer (Newport Corporation, Fountain Valley. CAj is placed in a rotation stage in the beam 
path for continuously variable attenuation, allowing adjustment of the polarized NdrYAQ laser 
energy density from below 1 mJ/cm 2 lo 100 ml'cm 2 . The optimum energy density for desorption 
is in the range of 10 to 20 mJ/cm 2 . 

Mass spectra arc recorded in positive-ion mode at room temperature. The sample region 
h evacuated by a 300 liter per second turbomolecular pump. The drift and detection regions arc 
evacuated using a cryopump with nominal 1 500 liter per .second pumping speed. The base 
pressure of the chamber is 3 x 10** Torr, and the normal working pressure, within about five 
minutes of sample introduction, is S x 10* Torr, A total of 100 laser shots are summed to obtain 
a spectrum* The spectrum shown in HIG. t3 reveals two clear peaks corresponding to an 84-rner 
and a 91-mer. which are the expected product sizes corresponding to 8 and 9.3 repeats with one 
extra adenine base added to the 3 -end of each, due ?o the well-known property of Taq [)NA 
polymerase to yield one-base over-cxtensions, The two peaks arise because the final sample, 
though single-stranded, derives from amplification of a heterozygous allele. 

Example 6- Comparison of mass spectra for a tingle-stranded amplified THOl ladder of 
nucleic acids and a single-stranded amplified THOl ladder that have had their lengths 
reduced by endonucleasc cleavage* 

A 1 *iL sample of TI101 ladder (Promegn Inc., Madison, Wl) which contains PCR 
products rangimj in size from 17^-201 bp is rcamplificd in it 100 \iL reaction volume according 
to the same amplification protocol us described above for genomic DNA :o yield a ladder of 
product* in the size range of 90- 31 4 bp. One half of the product mixture (amplified lanjel 
nucleic acids) is bound to sxreptavidin-coaicd magnetic beads, denatured, washed and cleaved 
from the beads *u> described in the previous example. Tbe other half of the product mixture is 
thun bound to the streptavid in -coated magnetic beads and washed. Then, 2 uf 10X NEB 
Bufter 4 is added to the second half of the amplified larget nucleic ucids, foliowcd by the 
addition of 16 of H 2 0 and 20 units of Ncu t restriction cndonuclease (New England BioJabs, 
Beverly, MA) recognizing CCATGG. This restriction cndnnuclcase was chosen to reduce the 
length of the amplified target nucleic acid because the amplified target uucletc acid contained a 
Nco 1 recognition site (in the wild type or consensus sequence) which was JoeauxJ in a flanking 
region and not in the region f interest Ihc mixture is incubated at 37°C for I hour after which 
the enzyme is washed away, the amplified targe i nucleic acid* are bound through hiounyJaujd 
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primers, denatured, washed and singlc-strandcd amplified target nucleic acids are then cleaved 
from the beads with AgNO. v The restriction enzyroe-digested ladder lias a size range of 40 to 64 
bases as a result of the enzyme cutting 3 bp past the end of the final CATT repeat. Samples of 
boih undigesied'lull-length and digested/reduccd-icngth pnxlucts are prepared for mass 
spectrometry analysis by reducing the volume by evaporation and adding I jiT. of 3- 
hydroxypicolinic acid matrix solution and allowing U> dry on the sample plate. The resulting 
positive-ion mass spectra of the undigested and digested ladders ore shown in FIG. 14 and 
FIG. 15, respectively. The mass resolution or the peaks for the digested ladder (FIG. 1 5) is mU ch 
greater than that for the undigested ladder (FIG. 14). This is due to the use of Nco I to reduce the 
length of the single-stranded amplified target nucleic acids that were subjected lo mass 
spectrometric analysis. 

Example 7. Mass Spectrometry Analysis. 

The single-stranded amplified target nucleic acid sample to be analyzed is typically 
mixed with an equal volume til matrix solution consisting of 0.5 M 3-hydroxypicolinic acid (3- 
HPA) and 50 mM diammonium hydrogen cjjraie. Typically, a I pL portion of the samptc is 
applied to the mass spirometer sample stage and allowed to dry under a gentle stream of 
nitrogen gas at room temperature When the sample has completely dried to form crystals 
(typically 5 nun.") the sample is inserted into the mass spectrometer for analysis. Ihe usual 
analysis conditions employ the use of a Nd:YAG laser operating at 266 nm with an average pulse 
energy of 15 mJ/cm : . An average of 100 laser shots is typically used to obtain a spectrum. 

All publications and palent applications mentioned in this specification are herein 
incorporated by reference to the same extent as if each individual publication or patent 
appUcation was specifically and fodividually indicated lu be incorporated by reference. 

The invention now being fully described, it will be apparent to one of ordinary skill in the 
art that many changes and modifications can be made ihereto without departing from (he spirit or 
scope of the invention and the appended claims. 
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SEQUENCE MSTlNr. 



{1< GENERAL INFORMATION; 



Ci> APPLICANT: 

(A) KAMR: GENRSRACE SYSTEMS, INC. 

fB> STREET i 233 Raven«wood Avenue, PN 063 

<C) CITY: Kenlc Park 

(D) STATE; CA 

<E> COUNTRY; US 

<F> PO&tAL CCDS (ZIP): M4025 

(O) Th-LEPHONSi 41B-3 0O0 

U!/ TELEFAX: (713) 739-267$ 

(ii) TITLE OF XNVSNTIOK: MBTHOD3 OF PREPARING NUCLEIC ACICS FOB fcASS 
SPECTROKBTR1C ANALYSIS 



(Hi J NUMBER OP SEQUENCES: 2 



Uv- COMPUTER READABLE FORM: 

<A) MKCira TYPE: Floppy disk 

(Hi COMPUTER: TMM PC* compatible 

rCj OPERATING SYSTEM; PC -DOS /MS Eftft 

<D) SOFT95ARS: Pat€ntln Release fil.O, Var-jiotl #1.30 -SPC) 

IVL) PRICK APPLICATION DATA: 

(A) A^PLirAtJOU NUMBER i CS 03/71:9, 9.91 
CB> FILTHS DATS: 02-DEC-I9SS 

PRIOR APPLICATION DATA: 
(A? APPLICATION NTWBE?.: rjg <,o/C32 . 369 
(II) FILING BATE: 02 DEC- 1936 

(Vi> PRIOR APPLICATION DATAt 

I A) APPLICATION ITJMBER: US 00 /ns, 5 85 
W FILING DATS: IS SEP- 1996 



t2] INFORMATION FOR £Ffc ID NO: 1, 

fi) SEQUENCE CHARACTERISTICS: 
W LENGTH : 2* base pairs 
{BJ TYPE; nucleic acid 
(O STRANDLT>KES5 : cingie 
(E) TOPOLOGY: linear 

(ix) FEATURE : 

(A) KAME/KRYi mi*e_ feature 
(8} LOCATION:! 

(D) othto information! /note* eu*I is feioticylated- 

(ix) FEATURE; 

<A> NAME / KEY : iw*ii£ied_basA 
(R) LOCATIONS 

<D> OTHER INFORMATION: /rot?, - 5 « -thio rbymidinF- 
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Cxi) SEQUENCE DESCRIPTION; SSQ ID NO; l: 
GTOATTCCCA TTGGCCTQTT CCTC 



{2) INFORMATION FOR. SBQ ID NO: 2: 

ii) SEQUENCE CJIARACTERISTICS: 
(A) LENGTH: 2+ buae pairs 
<B> TYPE; aucl«.io aci<3 
(CJ STRANDEDNE5S ; single 
ID) TOPOLOGY, linear 



ixij SEQUENCE DE5CR 1 FT I ON : SHQ ID KO: 2: 
AGTGCAGGTC ACAGGGAACA CA3A 



21 
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CLAIMS 



1 A method of determining the mass of a targaL nucleic acid by mass spectrwnetric analysis 
Comprising: 

5 a) identifying a target nucleic auid> wherein the target nucleic acid comprises a 

region of interest and one or more flanking regions; 

b) reducing the length of the target nucleic acid by cleaving at least a portion of one 
or more of said flanking regions to produce a reduced-length target nucleic acid; 

c) obtaining a single-stranded reduced-length target nucleic acid; and 

1 0 d > determining rhc mass of the single -stranded reduced-length target nucleic acid 

using a mass spectrometer. 



2. The method of claim I , further comprising ampl ifying die target nucleic acid prior tc 
i 5 reducing the length of the target nucleic acid to produce an amplified target nucleic acid. 



3 . The method of claim 2, wherein the reducing step comprises using si restriction 
endomiclcase capable of cleaving at a cieavuble site. 

20 

4. The method of ciahn 3, wherein the restriction endonuclease is a Type US restriction 
endonuclease. 



25 



5 , The method of claim 3, wherein the restriction endonuclease is a Type II restriction 
endonuclease* 



30 



6, The method of claim 3. wherein the amplifying .step comprises using a deavablc 
comprising a recogniH n -rite for the restriction endonuclease. 
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7. The method of claim 2, wherein the amplifying step comprises using a clcavabie primer 
comprising a cleavable site. 



&. The method of claim 7, wherein the reducing step comprises treating the amplified largei 
nucleic acids with a 5' to T exonuclease. 



9. The method of claim 7, wherein the reducing step comprises cleaving at a chemically 
cleavable site. 

I f>. The method of claim 9 9 whurvin the chemically cleavable site comprises a modified base, 
a modified sugar, or a chemically cleavable group Incorporated into the phosphate backbone. 

1 1 . The method of claim 1 0, wherein the chemically cleavable site comprises a chemically 
cleavable group. 

12. The method of claim 1 1, wherein the chemically cleavable group comprises 
dialkoxysilaue, 3^S)-pbosphwoihioatc t 5 , -(S>phosphwothioatc, 3 -(N)-phosphoraacnidatc, or 
5 % -(N)*r*osphoni5«nidate, 

13. The method of claim 1 2, wherein the chemically cleavable group comprises 3'-(S> 
phospiiorolhioate or 5 f -(S)-phoaphorothioaie. 



14. The method of claim 1 0, wherein the chemically cleavable site comprises a modified 
sugar. 
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15. The method of claim 1 4, wherein the modified sugar comprises ribose. 



16. The method of claim 2, wheicin the amplified target nucleic acid further comprises a first 
strand and a second complementary strand and the obtaining step comprises. 

a) attaching the first strand of the amplified target midcic acid to a solid support: 
and 

b) separating (he first strand from the second strand to produce a bound tirsi strand 
and an unbound second .sinmd. ■wherein the mass of the unbound second strand is 
determined u.sing a mass spectrometer. 



1 7. The method of claim 1 6. wherein the reducing step comprises usin^ a resiriccion 
cndonuclcase capable of cleaving at a cicavabJe site. 



1 8. The method of claim 1 7, wherein tlie restriction endonuclease is a Type US restriction 
endonuclease. 



19. The method of claim 1 7, wherein the restriction cndonuclcase is a Type It restriction 
endonuclease. 



20. The method of claim 1 7, wherein the amplifying step further comprises using a cleavable 
primer compr«ing a recognition site for die restriction endonuclease. 



21. The method of claim 1 6, wherein the amplifying step further comprises using a cleavable 
primer comprising a cleavable site. 



WO 98/12355 



52 



PCT/OS97/1710! 



22 The method of claim 21, wherein the reducing step compri** treating the amplified 
target nucleic acids with a 5' lo 3' exonuclcase. 

5 



23. The method of claim 2 1 , whe«i„ th e eleavablc site comprises a chcmtcaliy cleavable 

10 24. The method of claim 23, wherein the chemically eleavablc sire comprises a modified 
base, a modified sugar, or a chemically citable group incorpo^tcd into the phosphate 
backbone. 



15 25. The method of claim 24, wherein the chemically cleavable site comprises u chemically 
cicavablc group. 



26. The method of claim 25, wherein the chemically cleavable group comprises 
20 diaikoxysilane, 3'-(S)- P hasp„omthioat c , ^(Sj-phnsphorothioate. S^phospho^midate. or 
5'-(N)-phQ5phoroamidate. 



27. The method of claim 26, wherein the chemically cleavable group comprises 3'-(S)- 
25 Phosphoiothi(>meor5 , ^> i mosphorothioate. 



28. The method of claim 27, wherein th« first strand is biotinylated and, wherein the solid 
support contains avidin or strcptavldin. 



site. 
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29.' The method of claim 28 wherein the amplified target nucleic acid comprises a mass- 
modified nucleotide. 



30. The method of claim 25. wherein the chemically cleavablc site comprises a modified 
suear. 



3 1 The method of claim 30, wherein the modified sugar comprises Whose. 



32. The method of claim 16, wherein the firs! sirand is biclinyfeted and, wherein the solid 
support contains avidin or streptavidii:. 



33. The method of claim 16. wherein the amplified target nucleic acid comprises a mass, 
modified nucleotide. 



34. The method of claim 1 6, wherein said determining step further comprises utilizing 
internal self-calibrant*. 



35. The method of claim 2. wherein ihe amplified target nucleic acid comprises a firsi strand 
and a second complementary strand and (he obtaining step comprises: 

a) attaching the first strand of the amplified target nucleic acid to a solid support: 

b) separating the first strand from the second strand to produce a bound first strand 
and an unbound second strand; 

c) removing the unbound second strand; and 

d) releasing the bound first strand from the solid support to produce a single 
stranded reduced-length amplified target nucleic acid for mass spectral analysis. 
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36. Hie method of claim 35. therein the releasing step comprises using a cleavable linker. 



5 37. The method of claim 35. wherein the reducing step comprises using a restriction 
endonuctease capable of cleaving a«. a cleavable site. 



38. The method of claim 37, wherein the restriction cndonuclease is a Type IIS restriction 
10 endonuclease. 



39. The method c,f cEaim 37. wherein the restriction cndormcleasc is a Type [| restriction 
endonucJeasc. 



15 



20 



40. The method of claim 37. wherein the amplifying step fimh? r comprises using a cieavable 
primer comprising a recognition site for the rairictcon endonuctease. 



41. The method of claim 35. wherein the amplifying step further comprises using a cieovabJe 
primer comprising a cteavaMc site. 



25 42. The method of claim 41, wherein the reducing step comprises treating the amplified 
target nucleic acids with a 5' to 3' exonucleasc. 



43. The method of claim 4 1 . wherein the cleavable site comprises a chemkallv cleavahle si 

30 
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44. Thcmetbod of claim 43, wherein the chemically clcavabte site comprises a juoifified 
base, a modified sugar, or a chemically cleavable group incorporated into the phosphate 
backbone. 



<5. The method of claim 44, wherein the chemically dcavabie site comprises a chemically 
cleavable group. 



1 0 46. The method of claim 45. wherein the chemically clcavahfe group comprises 

duilkoxysilanc, THS>phosphorothioate. 5--(S).phosph 0 roU,ic«ic, 3'Wphosphoroamidate, or 
5'-(N[)-phcsp]K]roamtdiUc. 



5 47. The method of claim 46, wherein the chemically clcavabls group comprises ?-(*)- 
phosphorothioate or 5-(SKohosphorothioate. 



48. The method of claim 4?, wherein the first smmc is biotinyiatwl and, wherein the solid 
0 support contains avidin or streptavidin. 



49. The method of claim 48, wherein the amplified target nucleic acid comprises a mass- 
modified nucleotide. 



50. The method of claim 44, wherrin the cheaply clcavable site comprises a modified 
sugar. 



The method of claim 50, wherein the modified sugar comprise* ribose. 
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52, The method of claim 35, wherein the first strand is hiotinylaied and, wherein the solid 
support contains avidin or strcptavidin. 



53. The method of claim 35. wherein the amplified target nucleic acid comprises a mass- 
modified nucleotide. 



54. The method of claim 35, wherein said determining step further comprises utilizing 
internal self-calibrants. 



55. A method of preparin B n double-stranded rarget nucleic acid for mass spectro metric 
analysis comprising: 

a) aropJifyine a target nucleic acid to produce an amplified target nucleic acid, 

wherein the amplified target nucleic acid compriws a first strand and a second 

complementary strand; 
h) attaching the first sirand of the amplified target nucleic acid ui a solid support to 

produce a bound first strand and an unbound second strand; 
C) removing the unbound .second strand from the bound first strand, 
d) releasing the bound first strand from the solid support to form a single-stranded 

amplified target nucleic acid; and 

c) dsteimining the mass of ihe single- stranded amplified target mideic ncld using a 
mass spectrometer. 



56. The method of claim 55, wherein the releasing step comprises using a cleavable linker. 



57. The method of claim 56, wherein said determining docs not involve sequencing of the 
amplified target nucleic acid. 
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58. The method of claim 55, wherein the releasing step comprises using a restriction 
cndonuclcasc capable oi'clcaving at a cleavable site. 



59. The method of claim 55. wherein the restriction endonucleasc is a Type US restriction 
endonue lease. 



60. The method of claim 59. wherein the restriction endonucleasc Ls » Type if resirieiion 
eiidoimcieasc. 



61. The method of claim 58, wherein the amplifying step further comprises using a cleavable 
primer comprising a recognition site far the restriction endomiclcnse. 



62. The method of claim 55, wherein the amplifying step further comprises using a cleavable 
primer comprising a cleavable site. 



63 . The method of claim 62, wherein the releasing step comprises treating the amplified 
target nucleic acids with a 5' to J cxonuclease. 



64. The method or claim 62, wherein the releasing step comprises cleaving at a chemically 
cleavable ate. 
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65. The method of claim 64, whereir. the chemically cleavable she comprise$ a modified 
base, a modified sugar, or a chemically cleavablc group incorporated into the phosphate 
backbone. 



66. The mediod of claim 65, wherein toe chemically cleavablc site comprises a chemically 
clcavable group. 



1 0 67. The method of claim 66, wherein the chemically cleavablc firoup comprises 

dialkoxysilane, ^(Sj-phosphorothioatc, 5 , -cS)-phcwphoroU»icutl«, 3-(N>phosphorcami l late, or 
S'-fl^-phosphoroamidate. 



1 5 68. The method of claim 67, wherein the chemically cleavablc group comprises 3 -(S)- 
phosphorothioate or 5'-(S)-phosphoroihioalc. 



69. The method of claim 69, wherein the first strand is biotinylaied and. wherein die solid 
20 support contains avidin or streptavidin. 



70. The method of claim 69, wherein the amplified target nucleic acid comprises a mass- 
modified nucleotide. 

25 

71. The method of claim 65, wherein the chemically cleavablc site comprises a modified 
sugar. 



30 

72. The method of chum 7 i , wherein the modified sugar comprises ribose. 



WO 98/12355 



59 



PCT/US*7/1710J 



73. The method of claim 55, wherein the first strand is biotinyiated and, wherein the solid 
support contains avidin or streptavidin. 



74. The method of claim 55, therein the amplified utrgel nucleic acid comprises a mass- 
modified nucleotide. 



10 75 . The method of claim 55, wherein said determining step further comprises utilizing 
internal sclf-calibrants. 



76. A kit for preparing a double -stranded targe i nucleic acid having a first strand and a 
1 5 second complementary .strand for mass spectrometry analysis comprising: 

a) a first primer capable of binding the first strand of the target nucleic acid 5 r to a 
region of interest of the target nucleic acid; 

b) a second primer capable of binding the second strand of the target nucleic acid 5* 
to the region of interest of the target nucleic acid; 

20 c) a DK A polymerase; and 

d) a restriction eti domic lease. 



77, The kit of claim 76, wherein the restriction endonucJcajc is a Type II restriction 
25 endoouclease. 



78. Tire k i t of c W m 76 , wherein the restriction endonuclease is a Type US restriction 
endonucleose. 

30 



79. The kit of claim 76 f wherein the first primer is biotinyiated. 
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80. The k ii of claim 76, further comprising a solid support capable or selectively binding ihe 
first strand of the target nucleic acid. 

5 

The kil of claim 76, ftirthcr comprising u matrix. 

The kil of claim 81, wherein Ihe matrix comprises 3-hyaroxypicolinic acid. 

A kil for preparing a double-stranded target nucleic acid having a first strand arul y 
second complementary strand for mass spectrometry analysis comprising: 
15 a) a first primer capable of binding the first strand of the target nucleic acid 5' to a 

region of interest of the target nucleic acid, wherein said first primer comprises a cleavable 
primer; 

b) a second primer capable of binding the second strand 5 r to the region of interest cf 
the taTgel nucleic acid; and 
20 c) » DNA polymerase. 



81. 



10 82. 



84. The kit of claim 83, wherein the cleavable primor comprises a chemically cleavable site. 

25 

85. Hie kit of claim 84, wherein the chemically cleavable she comprises a modified base, a 
modified sugar, or a chemically cleavable group incorporated into the phosphate backbone. 



86. The method of claim 85, whercm the chemically cleavable site comprises a chemically 
cleavable group. 
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87. The kit of cbim 86. wherein the chemically cleavable group comprise* dialkoxysilanc, 3'- 
(SHihosphorotiuople. SHS^osplwrothioats. S'-fNVphosphoroamidate, or 5'-(N)- 
phosphoroiunidaic. 



88. The kit of claim 87. wherein the chemically cleavnble group comprises y.($y 
phosphorothioale or 5'-(S)-phosphororJiioatc. 



80. The kit of chim 83. wherein the cleavablc primer comprises an exonucleasc belong 
moieiy. 



90. T1 1C kit of claim 83, wherein the double prime, comprises a Type IIS restriction 
endonuclease recognition site. 



91 . The kit of claim 83 further comprising » solid support capable of selectively binding the 
first strand of the target nucleic acid. 



92 . The kit of claim 9 l, wherein the first strand is biotinylated. 



93 The kit of claim 83, further comprising a matrix. 



94. The kit of claim 93, wherein the matrix comprises 3-hydroxypicolinic acid. 
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